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Pretace 


This revised and expanded edition includes a great deal of new material that has come te light since the second 
edition was published. 

The filter section has been thoroughly updated and now includes computer-generated tabulations of 
modern filter design based on network synthesis. This major entry was especially prepared for this book by Mr. 
Ed Wetherhold, whose contribution | most gratefully acknowledoe. 

| also wish to thank my friends and colleagues Rich Myers and F. Raymond Dewey for giving so unselfishly 
of their time to review and comment on the previous edition of this work and for generously sharing with me much 
of their private source material. 

The word knowledge brings to mind the staggering body of facts and data accumulated by mankind since 
his descent from the trees. Once, thousands of years ago, it was possible for a man to know all that his kind had 
discovered. But, time has added so greatly to our reservoir of wisdom, that knowledge, today, has assumed 
another meaning: knowing where to find the information needed. 

This book humbly admits to being my attempt at simplifying the task of the busy engineer, technician, 
amateur, and student in locating the data he needs in the shortest possible time. 

Gathered here, in one single volume, is a wealth of information in the form of timely and practical 
nomograms, tables, charts, and formulas. 

Some of the material was available elsewhere, at some time or other, but never has all of it been gathered 
together under one cover. New and heretofore unpublished charts and nomograms are added because of what 
seemed to me an obvious need for such material. 

The book is arranged in a most readily usable format. | contains only clear-cut, theory-free data and 
examples that are concise, accurate, andto the point. The user ofthis book will be looking for answers and he will 
find thern, without having to fight his way through lengthy derivations and proofs. 

In order to assist you in finding ihe data you seek, the book has been divided into six functional sections. 
That organization, together with a comprehensive index, quickly leads to the specific information needed. The 


book maintains uniform terminology and format which assures that data found in one section can be easily and 
accurately related to those in the rest of the book. 

Much new and up-dated material has been added to this current edition of the book. It has been my intention 
(and certainly my hope} that this new material makes the book siill more useful and comprehensive. 

The preparation of a reference book such as this is not possible without the cooperation and assistance of 
numerous industry sources who have so generously made their material available. i gratefully acknowledge, 
with special thanks, the contributions and critical efforts of Messrs, George J. Whalen, Arthur E. Fury, Rene 
Colen, and B. William Dudley, Jr. 


If this book saves you many hours of tedious computations and search for information, it will indeed have 
served its intended purpose. 


The author and publisher invite your comments and suggestions regarding any such other material as might 
have been included here, so that it may be considered for any subsequent edition or revision. 
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THE ELECTROMAGNETIC SPECTRUM 


This chart presents an overview of the complete elec- 
tromagnetic radiation spectrum, extending from in- 
frasonics to cosmic rays. The wavelength, the amount 
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of energy required to radiate one photon, a general о à 
description, the band designation, and the normal oc- ғ. a > E — 
currence or use are given. Some specific bands are | aah = ФР 
described in more detail on the following pages. = | Б ЕЯ 
| d a 
- 300,000 _ 300, _ 30 ЕН ш | 
Š "m m = зн» э ® 
к | Е 
984,000 984 11.8 РИ S 
А, = ل‎ = m A — f e 
Гн» мна GHz 


13 


ES! 
Infrared uu Е 
№ 
14 


©) 
ЫЈ 
а 
= 
= 
Rr 
© 
— 


Microwaves 


ТУ, FM 


| Sroodeasting 


Sonics 


Power 


Infra- 

Son itd 
Trans- 
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ENERGY (ev) 
(other units] 
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DESCRIPTION , 
BAND 
DESIGNATION 
AND NUMBER 
OCCURRENCE 
AND 
APPLICATION 


WAVELENGTH | 
QUANTUM OF 


FREQUENCY 
(hertz) 
(meters) 
(other units) 
GENERAL 








WAVELENGTH BANDS AND FREQUENCY USED IN RADIOCOMMUNICATION 


Nomenciature of the frequency and wavelength bands used in radiocommunication | in accordance with Aricie 2, 
No. 12 of the “Radio Regulations,” Geneva, 1959. 


Frequency Range Carresponding 
(lower limit exclusive, Matric 
upper limit inclusive) Subdivision 


Adjectival Band 
Designation 


3 S0c/s (Н2) Petametric waves ELF Extremely-Low 
Frequency 

SLF Super-Low 
Frequency 

ULF Ultra-Low 
Frequency 

VLF Very-Low 
Frequency 

LF Low Frequency 

MF Medium Frequency 

HF High Frequency 

VHF Very High 
Frequency 

UHF Ultra-High 
Frequency 

SHF Super-High 
Frequency 

EHF Extremely-High 
Frequency 


30-  300c/s ІН? Terametric waves 


3000 c/s (Hz) Gigametric waves 


3— 30kc/s (kHz) Myriametric waves 
30-  300kc/s (КН?) 
300— 3000 kc/s (kHz) 
3-  30Mc/s (MHz) 

30- 300Mc/s (MHz) 


Kilometric Waves 
Hactometric waves 
Песате с waves 
Matric waves 


300— 3000 Mc/s (MHz) Decimetric waves 


3- 30Gc/s (GHz) Centimatric waves 
30— 300Gc/s (GHz) Millimetric waves 


300- 3000Gc/s (GHz) 
or3 Tc/s (THz) 


Decimillimetric waves 





BROADCASTING FREQUENCY ASSIGNMENTS 


This table shows the frequency range, number of available channels, and channel width for AM, FM, and TV 
service in the United States. 


Number of 
Type of Frequency Range Available Width of 
Service Channels Each Channel 


AM radio 


FM radio 


VHF television 


UHF television 


535-1605 kHz 
B8- 108 MHz 
54- 72 MHz 
76- B8 MHz 

174- 216 MHz 

470- 890 MHz 


107 
100 


12 


70 





10 kHz 
200 KHz 


6 MHz 


8 MHz 


TV CHANNEL FREQUENCIES 


TV Channels 
Video Carrier | Video Carrier 
Frequency ( MHz) Frequency ( MHz) 
Channel Limits Sound Carrier Channe! Limits Sound Carrier 
Number ( MHz) ( MHz) Number {MHz} ( MHz) 
eer D i teeter билдик. ————— 
2 55.25 | 18 495.25 
59.75 | 499.75 
B -- - оа 500------------ 
3 61.25 | 19 501.25 
65.75 505.75 
| i - a 
4 67.25 20 507.25 
71.75 511.75 
------------. РО ------------- ett ne a 512----------------- 
E РР с. 21 513.25 
5 77.25 517.75 
Bs 1 | | | | "mma ық НТ s---— 
MES M s Бани 22 519.25 
6 83.25 523.75 
ваи — — — | — — ee pr ee 
M -88 --------- 23 525.25 
--——-—-———— 174 ---------- | 529.75 
7 175.25 ИА. A 
179.75 24 531.25 
керней 180-------------- 535.75 
a E 41|1І1 i 770, NOE 
185.75 25 537.25 
а --186------------ 541.75 
9 8725 | вы 542--------------- 
191.75 | 26 543.25 
M 182 == 547.75 
10 193.25 он БАҢ---------------- 
197.75 27 543.25 
ho eSI 198 ------------------ 563.75 
11 199.25 — teed a 
203.75 28 555.25 
-------------204 и - 559.75 
12 205.25 — یھ‎ 5B ------ T————À——— 
209.75 29 561.25 
ee 91Г1----------------- 565.75 
13 Ez ыы DI ca mod 
215.75 30 567.25 
|o там v چ‎ 571.75 
РС ry | ---- = NE 
14 471.25 31 573.25 
475.75 ah Fetes 
== с proe pn ----------...БҮЙ -———---———— 
15 477.25 за 579.25 
481.75 583.75 
Sisina: -482--------- еее 584 -----—-—— s- 
16 483.25 a3 585.25 
487.75 589.75 
T -АВВ ----------------- -------------Н)) --е--------------- 
1/ 489.25 34. 591.95 


Video Carrier Video Carrier 





Frequency ( MHz) Frequency (MHz) 
Channel Limits Sound Carrier Channel Limits Sound Carrier 
Number = (MHz) { MHz) Number (MHz) ( MHz) 

------------- 596 ------------------ 
38 597.25 
601.75 
—— 602 ------------------ 704-------------- 
36 603.25 705.25 
607.75 
aa БОА ------------------ 
37 609.25 
613.75 
«--<--------. 614 ---------------—- -----.-...--.716----- 
38 615.25 55 717.25 
619.75 721.75 
-а-------.--- 620 ------------------ ned P^ ------------------ 
39 621.25 58 fede 
625.75 72775 
-------——-- —826- nnn —_————ТРВ-—-—--——-———- 
40 827.25 57 729.25 
631.75 733.75 
------—--—- -632----------- n] d o neo 
41 633.25 735.25 
637.75 
ar emenn 638 ------------------ 
42 639.25 
643,75 
—€— قد‎ Top NA ctt 
43 545.25 
649.75 
мененн" 650 ------------------ 
ad 651.25 
655,75 
и 656 ------------—--— 
45 657.25 
661.75 
——---------—-Ё6@ cerea tees - — AS РЕД DERE 
46 663.25 63 785.25 
667.75 
------------.БОВ -.-----------.---- PP 
47 669,25 
673.75 
— eS 
48 675.25 
679.75 
--------.-... GBD ------------------ 
49 681.25 
685.75 
-тет-----.-.. GAG ------------------ 
80 687,25 
691.75 
--------.-.. “092 ----—------------ 
51 693.25 
697.75 





Video Carrier 
Frequency (MHz) 


Channel Limits Sound Carrier 
Number (MHz) (MHz) 
— 38 Lanai 
69 801.25 
805.75 
Кенен на 
70 (*) 807.25 
811.75 
бы 2 ne 
71 813.25 
| 817.75 
Pal ea 
| 72 819.25 
823.75 
— epo me 
73 825.25 
829.75 
REN س‎ со 
74 831.25 
835.75 
В: SG ee 
75 837.25 
B41.75 
S es 
76 843.25 
847.75 
— OA rct 
| 77 849.25 
853,75 
| чамны: SHE... ж 
| 78 855.25 
| 859.75 
ыы сыи i Des Ж. эы 
78 861.25 
865.75 
—— ранее ааа 
80 867.25 
871.75 
— У == 
81 873.25 
877.75 
i I cc cc re Pa 
82 879.25 
883.75 
L-—-------BB84 "—— тасы те 
83 885.25 


----------- В90---------------- 


(“) Channels 70 to 83 were withdrawn and reassigned to TV translator station until licenses expire. License renewals will беј 
igranted only a secondary basis for land mobile radio operation. | 


FREQUENCIES IN USE AROUND THE WORLD IN THE AERONAUTICAL MOBILE BANDS 





WORLD AIR 
ROUTE AREA 


Alaska 3411.5 
Наша! 3453.5 
West indies 4689.5 


Central East Pacific 3432.5 
3446.5 
3457.5 
3481.5 


4658.5 


Central West Pacific 
North Pacific 
South Pacific 


North Atlantic 


Europe 


Marth-5outh America 


Far East 


South Atlantic 


Middie East 


North-South Africa 


Caribbean 


Canada 


5611.5 
5559 


5551.5 
5604 


5506.5 
5536.5 


5421.5 
5641.5 


5611.5 
5626.5 
5641.5 
5671.5 


5551.5 


5566.5 
5581.5 


5611.5 
5671.5 


(KHz) 


5567 
6649.5 


6612 
6679.5 


8879.5 
8930.5 


8862.5 


8539 


8845,5 


8862.5 
8888 

8913.5 
8547.5 


8871 
8930.5 


8820 
8845.5 
88/1 


8871 
3879.5 
8330.5 


8879.5 
8939 
8845.5 


2820 
8956 


BB37 
BB71 


8871 


11,328 


10,048 
10,084 
11,299.5 
11,318.5 


11,233,5 


11,290 
11,337.5 


10,048 


10,021 


10,021 


11,356.5 


13,304.5 
13,334.5 
17,826.5 


13,354,5 
17,906.5 


13,274.5 
17,906.5 


13,344.5 
17,946,5 


13,254.5 
13,284.5 
13,324.5 
13,354.5 
17,965.5 


17,906.5 


13,314.5 
13,344.5 
17,916.5 


13,284.5 
13,324.65 
17,966.5 


13,274.65 
17,846.5 


13,334.5 
7,926.5 


13,304.56 
13,334.5 
17,926.5 
17,946.5 


13,294.5 


13,344.5 
17,936,5 


















SHORE STATIONS 
(Approximate 
mi 


Limits} 














Same as calling 2000 — 2065 






2065 — 2107 


















4178 — 4186 4161 — 4176 4240 — 4400 
4188 — 4236 

5267 — 6279 6241 — 6264 6362 — 6523 
5282 — 6355 

8356 — 8372 8322 — 8352 8478 — 8742 
8376 — 8473 















12,534 — 12,558 12,474 — 12,528 


12,564 — 12,709 
16,626 — 16,704 
16,752 — 16,946 


22,151 — 22,217 
22,272 — 22,395 


12,714 — 13,128 










16,712 — 16,744 16,950 — 17,285 





22,225 — 22,265 22,400 — 22,670 





INTERNATIONAL AMPLITUDE-MODULATION BROADCASTING FREQUENCIES 
5.950- 6.200 MHz 


9.500— 9.775 
11.70 — 11.975 
1510 - 15.45 
17.70 - 317.80 
21.45 - 21.75 
25.60 — 26.10 
AMATEUR RADIO FREQUENCIES 
1800 -2000 kHz 3.300— 3.500 GHz 
3,500- 4,000 MHz 5.650— 5.925 
7,900- 7.300 10.00 — 10.50 
14.00 — 14.35 24.00 — 24.25 
21.00 — 2145 48.00 — 50.00 
28.00 - 29.70 71.00 — 84.00 
20.00 — 54.00 1820 - 170.0 
144.0 -- 148.0 2000 - 2200 
2200 - 2250 240.0 - 250.0 
420.0 - 450.0 Above 275.0 
1215 - 1300 
2300 -2450 


CITIZENS RADIO (PERSONAL RADIO) FREQUENCIES 
26.96 27.23 MHz 


462.5375—462.7375 
467.5375—467.7375 
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COMMONLY USED LETTER-CODE DESIGNATIONS FOR MICROWAVE FREQUENCY BANDS 





225-- 






390 MHz 133.3— 76.9 cm 


390-1550 MHz 76.9- 19.3 cm 


1.55- 


AM — 


5.2 GHz 19.3— 5.77% ст 


6.2 MHz 7.69- 4.84 cm 


o.2— 10.9 MHz 5.77- 2.75 ст 


10.9- 


36- 


46— 


36 GHz 2./5— 0.834 ст 


46 GHz  0,834—0.652 ст 


ББ GHz 0.652-0.536 cm 


Typical Use 


Long range (over 200 miles) to very long range (beyond 1,000 


miles} surface-to-air search. 


Very long through medium range surface-to-air missile and 
aircraft detection, tracking and air traffic control, IFF tran- 
sponders, beacon systems. 


Medium and long range surface-to-air surveillance, surlace- 
based weather radar, altimetry, missile-borne guidance, air- 
borne bomb-navigation systems. 


Airborne fire control, missile-borne beacons, recon, airborne 


weather avoidance, aircrafl and missile target tracking. 


Doppler navigation, airborne fire control, airborne and sur- 
face-based weather detection, bomb-navigation systems, 
missile-borne guidance, precision landing approach. 


Doppler navigation, automatic landing systems, airborne fire 
control, radar fuzing, recon, missile-borne guidance. 


Recon, airporl surface detection. 


High-resolution experimental shorirange systems. 
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The EIA Standard Tone Frequencies for remote (i.e., radio paging) and control applications have been estab- 
lished to allow adequate separation and minimum harmonic relationship for use in multiple frequency systems. 

For optimum system performance it is best to choose the widest frequency spacing possible within the 
recommended range. 


Frequency FIA Frequency EIA Frequency 
Hz Code Hz Code Hz 
67.0 L 1 256.6 136 551.9 
71.9 266.0 106 669.9 
77.0 | 27343 137 688.3 
B2.5 280.8 107 707.3 
88,5 288.5 138 726.8 
94.8 296.5 108 746.8 
100.0 304.7 139 167.4 
103.5 313.0 109 788.5 
107.2 321.7 140 810.2 
110.9 330.5 110 832.5 
114.8 338.0 141 855.2 
118.8 349.0 113 879.0 
123.0 358.5 142 903.0 
127.3 368,5 112 928.1 
131.8 378.6 143 953.7 
136.5 389.0 113 979.9 
141,3 | 399.8 144 1006.9 
146.2 410.8 114 1049.6 
151.4 3 422.1 145 1084.0 
156.7 433.7 115 1120.0 
162,2 445,7 146 1190.0 
187.8 457.9 118 1220.0 
173.8 470.5 147 1285.0 
178.9 483.5 117 1291.4 
188.2 496.8 148 1320.0 
192.8 516.5 118 1355.0 
203.5 524.6 149 1400.0 
210.7 539.0 119 1430.5 
218.1 553.8 150 1450.0 
225.7 563.1 120 1500.0 
233.6 582.1 H 1520.0 
241.8 600,9 121 1550.0 
250.3 517.4 152 1500.0 

634.5 122 
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ULTRASONIC TRANSDUCER MATERIALS 





The table lists the ultrasonic transducer materials used in instrumentation, sensing and power applications. 
Piezoelectric Transducers 


Maximum Safe 
Material Frequency Aange Operating Temperature Typical Applications 


Quartz 100 kHz —35 +MHz 550*C Medical and non-destructive testing 


Barium Titanate 100 kHz —10 MHz 100°C Most cleaning and processing applica- 
tions 


Lead Zirconate 5kHz -10 MHz 320°C Most cleaning and processing applica- 
Lead Titanate tions, (high temperature uses) 


Rochelle Salt 20Hz — 1MHz 45°C Sonar and depth finding 


Magnetostrictive Transducers 


Nickel iOkMz —100 kHz —— Cleaning, drilling, machining, solder- 
ing, melt treatment, and applications 
where transducer has pressure applied 


Venadium Регтепдиг  iOkHz —i00kHz Same as nickel 





ULTRASONIC FREQUENCY SPECTRUM 
Ullrasonic Frequency Spectrum 
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NBS STANDARD FREQUENCY AND TIME BROADCAST SCHEDULES 


The diagrams presented here, with explanatory notes, summarize the technical services provided by the Nationa! 
Bureau of Standards (NBS) radio stations WWV, WYWVH, W'WVB, and WL, 





МАМУ and WWYH Broadcast Services 


Standard Radio Frequencies. WWYV апа WWVH transmit frequencies and time coordinated through the Bureau 
Internationa! de l'Heure (BIH), Paris, France. Transmissions are based upon the International time scale, 
Universal Coordinated Time (UTC). 

WWY broadcasts continuously on radio carrier frequencies of 2.5, 5, 10, 15, 20, and 25 MHz. WWVH 
broadcasts continuously on radio carrier frequencies of 2.5, 5, 10, 15 and 20 MHz. 

The broadcasts of WWV may also be heard via telephone by dialing (303) 499-7111, Boulder, Colorado. 

Standard Audio Frequencies. Standard audio frequencies of 440 Hz, 500 Hz, and 600 Hz are broadcast on each 
radio carrier frequency by the two stations. Duration of each transmitted standard tone is approximately 45 
seconds. А 600-Hz tone is broadcast during odd minutes by МЛАМ and during even minutes бу WWVH. A 500-Hz 
tone is broadcast during alternate minutes unless voice announcements or silent periods are scheduled. The 
440-Hz tone is broadcast beginning one minute after the hour at WWVH and two minutes after the hour at WWV. 
The 440-Hz tone period is omitted during the first hour of the UTC day. 

Standard Musical Pitch. The 440-Hz tone is broadcast for approximately 45 seconds beginning 1 minute after 
the hour at WWVH and 2 minutes afier the hour at МАМУ. The tone is omitted during the zero hour of each UTC 
day. 

Standard Time Intervals. Seconds pulses at precise intervals are derived from the same frequency standard 
that controls the radio carrier frequencies. Every minute, except the first of the hour, begins with a 800-millisecond 
tone of 1,000 Hz at WW'V and 1,200 Hz at WWVH. The first minute of every hour begins with an 800-millisecond 
tone of 1,500 Hz at both stations. 

The 1-second markers are transmitted throughout all programs of WW апа WWVH except that the 29th of 
the 59th markers of each minute are omitted. 

Time Signals. The time announcements of WWV and WWYVH reference the Coordinated Universal Time Scale 
maintained by the National Bureau of Standards, UTC(NBS), 

The 0 to 24 hour system is used starting with 0000 for midnight at the Greenwich Meridian (longitude zero). 
The first two figures give the hour, and the last two figures give the number of minutes past the hour when the tone 
returns. 

At WWV a voice announcement of Greenwich Mean Time is given during the 7.5 seconds immediately 
preceding the minute. 

At WWVH a voice announcement of Greenwich Mean Time occurs during the period 15 seconds to 7.5 
seconds preceding the minute. The voice announcement for WWVH precedes that of WWV by 7.5 seconds. 
However, the tone markers referred to in both announcements occur simultaneously. 

Propagation Forecasts. A forecast of radio propagation conditions is broadcast in voice from WWV at 14 
minutes after every hour. The announcements are short-term forecasts and refer to propagation along paths in the 
North Atlantic area, such as Washington, D.C. to London or New York to Berlin. 

The propagation forecast announcements are repeated in synoptic form comprised of a phonetic and a 
numeral. The phonetic (Whiskey, Uniform, or November) identifies the radio quality at the time the forecast is 
made. The numeral indicates on a scale of 1 to 9 the radio propagation quality expected during the six-hour period 
after the forecast is issued. The meaning of the phonetics and numerals are: 


Phonetic Meaning 
Whiskey disturbed 
Uniform unsettled 
November normal 
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Numeral Meaning 


Öne useless 
Two very poor 
Three poor 

Four poor-to-fair 
Five fair 

Six fair-to-good 
Seven good 

Eight very good 
Nine excellent 


If, for example, propagation conditions are normal and expected to be good during the next six hours, the 
coded forecast announcement would be "November Seven." 

Geophysical Alerts. Current geophysical alerts (Geoalerts) as declared by the World Warning Agency ofthe 
International Ursigram and World Days Service (IUWDS) are broadcast in voice from WWV at 18 minutes after 
each hour and from WWVH at 45 minutes after each hour. 

Weather Information. Weatner information about major storms in the Atlantic and Pacific areas is broadcast 
fron WWY and WWWVH respectively. 

Time Code. The time code is transmitted continuously by both WWY¥ and WWVH опа 100-Hz subcarrier. The 
code format is a modified IRIG-H time code produced at a 1-pps rate and carried on 100-Hz modulation, The 
100-Hz subcarrier is synchronous with the code pulses so that 10-millisecond resolution is readily obtained. 

The code contains UTC time-of-year information in minutes, hours, and day of year. Seconds information 
may be obtained by counting pulses. 

The binary coded decimal (BCD) systern is used. Each minute contains seven BCD groups in this order: two 
groups for minutes, two groups for hours, and three groups for day of year. The code digit weighting is 1-2-4-8 for 
each BCD group multiplied by 1, 10, or 100 as the case may be. A complete time frame is 1 minute. The binary 
groups follow the 1-minute reference marker. 

Modulation. At WWV and WWVH, double sideband amplitude modulation is employed with 50 percent 
modulation on the steady tones, 25 percentfor the IRIG-H code, 100 percent for seconds pulses, and 75 percent 
for voice. 


WWVB Broadcast Services 


WWVB transmits a standard radio frequency, standard time signals, time intervals, and UT1 corrections. The 
station is located near WW on the same site. 

Program. WWYB broadcasts a standard radio carrier frequency of 60 kHz with no offset. It also broadcasts a 
time code consistent with the internationally coordinated time scale UTC(NBS). 


WWYVL Experimental Broadcasts 


WW'VL broadcasts experimental programs, usually involving multiple frequencies. The station is located in the 
same building with WWVB and on the same site with WWV., 

Effective On UTC, 1 July 1972, regularly scheduled transmissions from WWVL were discontinued. Contin- 
gent upon need and availability of funds this station broadcasts experimental programs оп an intermitent basis 
only. 

WWYL transmits only carrier frequencies with no modulation. The format and frequencies used Бу WWVL are 
subject to change to meet the requirements of the particular experiment being conducted. 
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WWY Broadcast Format 


STATION ID 
„440 Hz 1-HOUR MARK 


MINUTES 





























STORM 


LOCATIG 
| INFORMATION 


г айап д": 105 0270 “ч, 
2000 E, COUNTY ROAD 58 
FORT COLLINS, COLDRADO 80521 


PROPAGATION 
FORECASTS 


STANDARD BROADCAST FREQUENCIES 


TONE ANT RADIA TEN POWER 
і 25 MHz— 2.5 ki 15 MHz — 10 KW 
| 20 MHz = 2.5 kW 


& MHz = i0 kW 
10 Miz — 10 kW 25 МН: — 2,5 kW 





УТ! CORRECTIONS 


FOR ADDITIONAL INFORMATION CONTACT 
U.S. DEPARTMENT ОҒ COMMERCE 
NATIONAL BUREAU OF STANDARDS 

FREQUENT Y-TIME | 
BROADCAST SERVICES SECTION 
BOULDER, COLDRADD 803202 


СЕО ALERTS 





е BEGINNING DF EACH HOLA ISIDENTIFIED ВУ 
D B-SEPQIND LONG, 1500-Hz ТОМЕ. 
e BEGINNING DE EACH MINUTE |5 IDENTIFIED BY 
O.9-SECOND LONG, 1000-Hz TONE, 
ATM в THE 79th A 59th SECOND PULSE OF EACH MINUTE 
- MESSAGES |5 OMITTED. 


МА TELEPHONE: 1808) 335-4214 
(NOT A TOLL-FREE NUMBER) 
ТАТЫМ, MINUTES „440 На HOUR MARK 


NAS RESERVED 


STORM 
INFORMATION 






ите үш СЕ 
NN DuNCEMENT 


| odii 


LOCATION 
27°60 26.08 158 4600.0" 
P.D. ВОХ 417 
КЕКАНА, KAUAI, HAWAII 96757 


STANDARD BROADCAST FREQUENCIES 
AND ВАШАТЕО POWER 


25 МН:- 5 kW 10 MHz— 10 kN 
520 МН: — 10 KW 15 MHz — ТО kW 
20 MHz — 2.5 КА 


SPECIAL 
ANNOUNCE- 




















UT 1 CORRECTIONS 


FOR ADDITIONAL INFORMATION CONTACT 
WLS, DEPARTMENT BF COMMERCE 
NATIONAL BUREAU DF STANDARDS 
FREQUENCY-TIME 
BROADCAST SERVICES SECTION 
HOULDER, COLORADO 30307 


لا 
EN‏ 
ar == AUDIO‏ 
м E‏ 
i 5.‏ 

4 % ® BEGINNING ПЕ EACH HOLA 18 IDENTIFIED BY 
| N j D.8-SECONG LONG, 1500-Hz ТОМЕ. 

> BEGINNING OF EACH MINUTE IS IDENTIFIED BY 
0.8-SECOND LONG, 1200-Hz ТОМЕ, 


е THE 29th A 53th SECOND PULSE ПЁ EACH MINUTE 


ж 
3» STATION ATM IS OMITTED. 
ІШ MESSAGES 
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WAVELENGTH-FREQUENCY CONVERSION SCALE 
This scale is based on the formula 


х „300 
„ = 
ине 
It shows the relationship between free space wavelength А and frequency f and covers a frequency range 
extending from 300 Hz to 300 GHz, corresponding to wavelengths of 1000 m (1 Кт) to 1 mm. 
FOR EXAMPLE: A 60-MHz signa! has a wavelength of 5 m. A signal whose wavelength is 3 mm has a 
frequency of 100 GHz. 


Frequency Wavelength 
GHz — millimeter (тт) 
MHz — meter{m) 
kHz — kilometer (km) 


590—1 
200 
- 
100-3 
-4 
5 
50-4- 
40 
30-10 
20— 
20 
10--% 
40 
50 
5 
4 
3—2 0ن‎ 
2 
-Р00 
!|--- 300 
– 400 
E-500 
0.5- 
64 
0.3——1000 
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PROPAGATION CHARACTERISTICS OF ELECTROMAGNETIC WAVES č 


Вала 


Very-low 
frequency 
(МІР) 


Low 
fraquency 
(LF) 


Medium 
frequency 
(MF) 


High 
frequency 
(HF) 


Very-high 
frequency 
(VHF) 


Ultra-high 
frequency 
(WHF) 


Super-high 


frequency 
(SHF} 


20 


Frequancy 
(Wavelength) 


20-30 kHz 
(20,000-10,000 m) 


30-300 kHz 
(10,000-1,000 m) 


300-3,000 kHz 
(1,000-100 m) 


3-30 MHz 
(100-10 m) 


30-300 MHz 
(10-1 m) 


300-3,000 MHz 
(100-10 ст) 


3,000-30,000 
MHz (10-1 cm) 


Characteristics 


Very stable; low attenuation at all times. Influ- 
enced by magnetic storms. Ground wave exlends 
over long distances. (No fading out long-time vari- 
ations occur.) 


Seasonal and daily variations greater than that of 
VLF; daytime absorption also greater, increasing 
with frequency. At night similar to VLF although 
slightly less reliable. 


Less reliable over long distances than lower fre- 
quencies. Attenuation: low at night, high in day- 
time; greater in summer than in winter. Low at- 

lenuation at night is due to sky-wave reflection. 

Ground-wave attenuation is relatively high over 

land and low over salt water. 


Dependent on ionospheric conditions, leading to 
considerable variation from day to nignt and from 
season to season. Attenuation low under favorable 
conditions, and high under unfavorable conditions, 
at medium to very long distances. 


30-60 MHz sometimes affected by ionosphere. 
Quasi-optical transmission (similar to light, but 
subject to diffraction by surface of the earth}. 


Substantially same as above; slightly less diffrac- 
tion. Under abnormal conditions, can be refracted 
by troposphere similar to sky-wave retraction. 
This often results temporarily in abnormally long 
ranges of transmission. 


Same as above. 
1-сіп range has broad water-vepor absorption band 
(slight О, absorption). 


Applications 


Cantinuously operating long- 
distance station-to-station com- 
munication service. 


Long-distance station-to-station 
service (marine, navigational 
aids}. 


Commercial broadcasting ре- 
lice, marina and airplane naviga- 
tion. 


Medium and long-distance com- 
munication service of all types. 


Television, FM commercial 
broadcasting, radar airplane пам- 
igation, shorl-distance commu- 
nications. 


Television, radar, microwave fre- 
lay, short-distance communica- 
tions. 


Radar, microwave relay, short 
distance communications. 


COMMUNICATION MODES 


Principal ground-to-ground communication modes, utilizing the microwave (70 MHz to 20 GHz) region of the 
spectrum. Characteristically wide-band (100 kHz to 20 MHz) service. 


ИМЕ DF SIGHT 
(1098) 


„^ч 


Ё (05 4 


Space Communications 


DIFFRACTION 
(Plane Surface) 


* DIFFRACTION 
(Knife Edge} 


DIFFRACTION 
(Rough Surface) 


Scatter Ж 
< је 


“ 
ا‎ A 
=" 


û to 35 miles, 
depending 
on (h). 


upto 1/2 circum - 
ference of earth 
depending on 
satellite orbit 
and (9) 


30 to Т0 miles, 
depending on 
(h) and Na) 


30 to 120 miles, 
depending an 


(В), (Ng) and (Gp) | 


3D to 120 miles, 
depending on 
(№), (Ng), (65), 
апа (Ас 


70 to 600 miles, 
depending on ' 
many factors 


(h| = Һер ed antea contar 
Mg} = тота Index 
[Gol -obmnele gain 


0,1 to 10, 
two to 10-ft 
antennas 


1 to 15 kW, 
30 to 85 -ft 
antennas 


0.1 го I0OW, 
six to 28-1t 
antennas 


Low-cost, high-performance | 
wide-band system; replaces 
costly right-of-way mainten- 
ance of coaxial or multiple 

| cable or overhead wiring. 


Only practical system of 
global coverage using three 
active synchronous satellites 
(22,000 miles from earth) or 
a number of orbiting satel- 


| lites (dependent on distance 


covered and altitude) in con- | 
junction with multiple earth 
earth stations. 


Diffraction mode is very 
specialized form of UHF 
used only rarely where 
rugged terrain prevents use 
of direct LOS and permits 


| longer path with obstacle 


0,1% 100%, 
six to 28-ft 
antennas 


0,1to 100W, 
gix to 28-Н 
antennas 


1 to 100 kW, 

10 to 120-ft 
antennas, 
refined modula = 
tion and receiver 
techniques 





[Aah ене о аът ог 


їй] edlelgace Іңізгетп nal lon 


gain. 


Great attention is being given 


| to refining propagational 
| computation in the diffrac - 


tion region because of need 


| for utilization in {горо path 
| predictions. 


Only practical wide-band, 
reliable ground-based method 
of achieving 70 to 600 mile 
hop where unsuitable inter- 
vening territory prevents 
use of LOS or diffraction 
modes. 


ШІ 4 неки er angkla or angle af elevat len 
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INTERNATIONAL TELEVISION STANDARDS | 


This table outlines pertinent characteristics of the current TV standards used throughout the world. The video 
frequency-channe! arrangements are also shown. The systems have been designated by letter and are in use or 
proposed for use in the countries listed. 





County Standard Used | Country Standard Used" 


Makiko 

Monaco 

Morocco 

Nelhariands 

Mathanands Antilles 

Hew Zealand 

Nigeria 

Norway 

Рак ап 

Panama 

Реги 

Phillipines 

Poland 

Portugal 

Ahodesia 

Romania 

Saudi Arabia 

Singapore 

болан Alica 

Spain 

Sweden 

Switzerland 

Turkay 

United Kingdom 

United States o! Amenca 

Union of Soviet Socialist 
Republics 

Unuguez, 

Yugesiawvia 


Argentina 
Australia 
Ausiria 

Balgium 

Brazil 

Bulgaria 
Canada 

Chile 

China 
Columbia 

Cuba 
Czechoslovakia 
Denmark 

Egypt 

Finland 

Franca 
Germany [East] 
Germany (West) 
Greece 

Hang Kong 
Hungary 

India 

Iran 

Ireland 

Israel 


or 


mum 


о го wmorrorz x ror 
m 
03000 cmxupmuzzzrzomuumzuo of 


сю што т гр 


ропот 


С, 


ПГ“ зе 0) о О — 
D a =~ 


mz 














Lines/frame 405 625 625 625 625 625 025 625 625 625 519 
Fields/sec 50 60 50 20 50 50 X) 50 a 50 50 50 














Interlace 2/1 2/1 2/1 2/1 2/1 2/1 2/1 2/1 Өл 2/1 21 2/1 
Frames/aec 25 30 — 25 2D 25 25 25 25 25 ‚25 25 
Lines/sec 10 125 15 750 — 15 625 15 625 15 625 15 625 15 625 15 625 15 625 20 475 20 475 
Aspect ratio! 4/3 4/3 — 4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3 
Video band (MHz) 3 4.2 49 Б 5 5 5 5.5 $ б 5 10 
RF band (MHz) 5 6 6 T 7 5 8 & 8 8 T 14 
Visual polarity* + — - — + — — - - + + + 
Sound modulation АЗ ЕЗ - ЕЗ АЗ ЕЗ ЕЗ ЕЗ ЕЗ ЕЗ АЗ АЗ 
Pre-emphasis in — 75 — 50) 50 30 50 50 50 — 50 — 
Microseconds 
Deviation (kHz) -- 25 — 50 -- 50 50 50 50 — ~ = 
Gamma of picture 0.45 0,45 — 0.5 05 05 0.5 0. 






signal 










Notes: 
‘Tn all systems the scanning sequence is from left to right and top to bottom, 
? All visual carriers are amplitude modulated. Positive polarity indicates that an increase in light intensity causeg 
an inerease in radiated power. Negative polarity (as used in the US—Standard M) means that a decresse in light 
intensity Causes nn increase in radiated power. 
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FREQUENCY RELATIVE TO THE 
SYSTEM vIDEO CARRIER FREQUENCY 


“А we D FE 24 Wb + чо +12 


УИ C | 












4-2 D ар + 35 ча D +? 


$ = SOUND CARRIER 

U= LIMITS OF RADIC-FREQUENCY CHANNEL 
Y= NOMINAL WIDTH OF MAIN SIDEBAND 

We NOMINAL WIDTH OF VESTIGIAL SIDEBAND 
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FREE SPAGE TRANSMISSION NOMOGRAM 


This nomogram relates receiver-transmitter distance, wavelength and free space attenuation. It can also be used 
to convert between nautical and statute miles and between frequency and wavelength. 

FOR EXAMPLE: А signal from a 200-MHz transmitter will be attenuated 125 dB before it reaches a receiver 
located 100 nautical miles away. 

At a distance of 200 nautical miles, and a system gain of 130 dB, the highest usable frequency is 180 MHz. 


The maximum distance between a transmilter-receiver-antenna system with a total gain of 125 dB operating 
at 500 MHz is 45 statute miles. 


^ .FREE SPACE TRANSMISSION | 
DISTANCE - MILES ATTENUATION WAVELENGTH 





NAUTICAL STATUTE | Е | TL. ^ [METRICAL| BAND 
lūk. ке 1000 .05 
|_2 : | 
зоо „ра 
Е Таа 
226 -.05 
400 ^|. ов 
215 | | 
200 
205 | |--.2 
| | 100 —-.5 
195 
Е 80 —_ а 
| во —- 
- 185 "me > 
т  #0-L و‎ 
e EA | 
17% 
| 20 — = | 
ies 2 e 
о — à 
155 а 4 
14 5 سا‎ 5 
4 a 
155 ДЕ 
2 
125 20 
LOCO = 50 
TES zi 
BOO 31. 45 
50g = 
05 — БО 
400 во 
95 E" 
200 
85 2 
I 
Гоа 5 
= m 
Ез во t ~ 
ш 
| 60 — E 
AS =e ш 
40-1 в + 
10 
55 
20 
45 20 
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SIGNAL-STRENGTH NOMOGRAM 


This nomogram is used to compute signal-strength input at the receiver based on a formula that converts field 
intensity at the receiving antenna to receiver input voltage. 

If field intensity e, in microvolts per meter, of a given signal f, in MHz, is known, the signal strength Е, in 
microvolts, is determined for an input impedance of 50 ohms (Е, пе V for = 50) and may be adjusted for any 
value of input impedance between 30 and 5000 ohms (Е in j V for 30 = A= 5,000). An isotropic antenna, no-loss 
transmission line is assumed. 

Signal strength for receiving antennas of gain > 1 (0 dB) are solved first by finding from the chart the voltage 
input for a system with an isotropic antenna and then adjusting the answer using the relation: С = 20 log (Е', ЈЕ) 
where Gis the gain of the antenna referred to isotropic; E' is the voltage input to be found; and Е is the voltage 
input, 


€ IN Y/N Е; IN GV FOR R=50 


ErIN рУ FOR 30 *R $5000 
10,000 


F IN MHz MIN METERS 


RIN OHMS 


SAMPLE CALCULATION: Е=0.98 pV/M 
F-iOMHz 
R=450 OHMS 

STEP |. WHEN НЕБО OHMS, Ер" зим 

STEP 2.WHEN R= 450 OHMS, Er: им 
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NOMOGRAM RELATING TRANSMITTER OUTPUT, TRANSMISSION LOSS, AND RECEIVER INPUT 


This nomogram shows the available input voltage (microvolts into 50 ohms), if transmitter output in watts and 
transmission loss in decibels are known. It can also show the maximum permissible transmission loss if 
transmitter power and receiver requirements are given, or it can be used to determine the required transmitter 
output for a given transmission loss and receiver input voltage. Microvolts (into 50 ohms) may be directly 
converted to dBm on the left scale and watts may be converted to dBm on the center scale. 

FOR EXAMPLE: (1) For atransmitter output of SW and a transmission loss of 90 dB, the receiver input will 
be 500 им. (2) Fora minimum of 50 ам atthe receiver, and a transmitter output of SW, the transmission loss may 
not exceed 110 dE. 


TOTAL LOSS BETWEEN 
TRANSMITTER OUTPUT 


dBm and dB scales are-arithmetic қ» 
Watts апа microvolts scales are logarithmic ANI RESELLER Ly i = 


RECEIVER INPUT 
MICROVOLTS 


INTO 50 OHMS dBm 
-20 


TRANSMITTER OUTPUT 
WATTS dBm 
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RECEIVER BANDWIDTH-SENSITIVITY-NOISE FIGURE NOMOGRAM 
This nomogram is based on the noise figure of a receiver as given by the equation: 


2 
(mE, VP IP) 
2R (4КТАВ 


where NF = noise figure; m = modulation index; К, = паге power P = signal power; K — Boltzmann's Sprite 
or 1.38 x 107 joules /? Қ; R= antenna resistance; T = degrees Kelvin; Af = 6-dB audio bandwidth, and E 
signal generator output in а. 

Nominal antenna impedance is 52 ohms and the temperature can be approximated at 300°K. 

To find the noise figure of a receiver, it is only necessary to place a straightedge across the sensitivity and 
audio bandwidth points, extending it to intersect the noise figure line. 

FOR EXAMPLE: Sensitivity of 10 ам and bandwidth of 6 kHz gives a noise figure of 100, or 20 dB. 


Noise figure of less than 3 dB can only 
bs obtained with SWR greater than 1:1 


— 
= 


> 8 
zé 
5 5 
- 

= d 
ut 

uw 3 


ó6-dB AUDIO BANDWIDTH 


NOISE FIGURE 
ЗВ BELOW PERCENT 
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LINE-OF-SIGHT TRANSMISSION RANGE NOMOGRAM SHOWING 
THE APPROXIMATE TRANSMISSION RANGE OF SIGNALS IN THE VHF BAND 


The theoretical maximum distance that can be covered is equal to the geometrical or “optical” horizon distance of 
each antenna, andis defined by the formula D = 1.23 МН + 1.23 УЯ, where D is in miles and H and Н are the 
height in feet, above effective ground level, of the receiving and transmitting antennas. Atmospheric diffraction 
increases the distance by a factor of 2 /V3 which defines the "radio" path under normal or standard diffraction, by 
the formula D = 1.41 VH + 1.41 VH, 

FOR EXAMPLE: With a receiving antenna height of 30 ft and a transmitting antenna height of 100 ft, the 
"optical" horizon is 19 miles and the "radio" horizon is 21.5 miles. 


Hp D Hy 


HEIGHT OF OPTICAL LINE | MAXIMUM HEIGHT OF 
RECEIVING OF SIGHT RADIO PATH TRANSMIT TING 
АМТЕММА(ЕЕЕТ) "HORIZON" | "HORIZON" ANTENNA (ҒЕЕТ) 
(MILES) (MILES) PUN 
tech " 





(Reprinted with permission from International Telephone and Telegraph Corporation.) 
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RADAR POWER-ENERGY NOMOGRAM мо Se eee д | 
The energy available from а radar transmitter is often the limiting factor in determining the maximum free space 
range. This nomogram relates the four interdependent radar equations involving peak power, average power, 
energy, duty cycle, pulse width, pulse repetition rate and pulse interval based on the following equations: 











P av 


Р 


Б 





= d =r and Py = Е= Р, 


where ^ = peak power in watts 
P ay = average power 
Е -өлегау in joules 
а = duty cycle 
т = pulse width in microseconds 
f — pulse repetition rate in pulses /sec 
і = pulse interval in microseconds 


FOR EXAMPLE: A pulse repetition rate of 1,000 pulses /sec with a pulse width of 5 д sec will give a duty 
cycle of 0.005. For a peak power of 100 kW, join this value on the Р. scale with 0,005 on the duty-cycle scale and 
read an average power of 500 W. Joining the 100 kW point with the pulse width of 5 р sec shows the energy as 0.5 
J. (To crosscheck, connect the average power of 500 W with 1,000 pps rep rate, which also yields 0.5 J.) 

р, Буу е 4 ЕЕ; = { 
РЕАК AVERAGE ENERGY DUTY PULSE PULSE PULSE 
POWER POWER CYCLE WIDTH REPETITION INTERVAL 


WATTS WATTS JOULES ON/OFF MICROSECONDS 
— |ONMW HOOK W Кю سے‎ 010 59 


до — 


: 50KW 

— ми 
: 20KW 
ок 


~ SKW 


200KW 
200% 


lOO KW г 100% 
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TYPES OF RADAR INDICATORS 
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> = 

== А ЕЕ: 2 

52 2 = ЕЕ E 

ош 5 = | | 

іл == 
= к м 
AZIMUTH 
D F 
Г аата = 

d ч = 
S z Ес 

= o = 
ч = мо 
= ШЕП ag 
ш 4 ас 
= Ld p 

ы m E 

m. | = 

zj- =j № 
AZIMUTH AZIMUTH ERROR 


Coarse range information 1s pro- 
vided by position of signal in 
broad azimuthal trace. 


G 


ELEVATION 
ERROR 


~ ——_———— 
AZIMUTH ERROR 


Single signal only. Signal appears 
as 'wingspot," position giving 
azimuth and elevation errors. 
Length of wings inversely pro- 
portional to range. 
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| 


= 
AZIMUTH 
Signal appears as two dots. Left 
dot gives range and azimuth of 
target. Relative position of right 
dot gives rough indication of ele- 
vation. 


RANGE 








Single signal only. In the ab- 
sence of a signal, the spot may 
be made to expand into a circle 





Antenna scan is conical. Signal 
їз a circle, the radius propor- 
tional te range. Brightest part 
indicates direction from axis of 
cone to target. 








L 
а | 
in Ы 
vr |= 
TI c 
= 
RANGE RANGE 
Same as type A, except time base Туре A with lobe-switehing an- Same as type K, but signals 
is circular, and signals appear as tenna. Spread voltage splits signals from two lobes are placed back 
radial pips. from two lobes. When pips are of to back, 


equal size, antenna 18 on target. 








RANGE RANGE RANGE RANGE AZIMUTH 
Type A with range step or range A combination of type K and type Range is measured radially from 
notch. When pip is aligned with M. the center. 


step or notch, range can be read 
from a dial or counter. 


(From Radar System Engineering by Louis Ridenour. Copyright € 1947 by McGraw-Hill Book Company. Used with 
permission of McGraw-Hill Book Company.) 
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ANTENNA REFERENCE CHART 


Antennas may be classified as linear radiators or elements, apertures arrays, and traveling wave types. Basic 
information on a few types of antennas is tabulated. For each type the following is given: the antenna name, 
physical size in wavelengths, a line drawing superimposed on coordinate axis, the impedance A in ohms at the 
resonant frequency f, , the half-power (3 dB) bandwidth in percent, the gain in dB above an isotropic radiator, as 
weil as the conventional half-wavelength dipole, the polarization for the given configuration, and a set of 
Fraunhofer Zone field strength patterns for each of the three orthogonal planes of the axis system shown. 

An isotropic radiator is given, even though such an antenna for electromagnetic waves does not exist. It is а 
convenient and frequent reference, however, for gain and pattern measurements. 

The antennas tabulated may be vertically or horizontally polarized radiators. The configuration shown in the 
chart is the one most frequently used in practice. The antennas listed may be fed by balanced transmission lines, 
by coaxial lines and a balun (balanced-to-unbalanced transformer) when necessary, or in some cases by 
waveguides. Aperture antennas, such as parabolic dishes and horns, are usually fed by waveguides and, for such 
feed systems, impedance is not too meaningful. 


Pencil beam radiation pattern Fan baam radialion pattern 


Isotropic rodialion patlern Omnidirectional rodiation pattern 
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Broadsids Array т 
L = мд | 
polarizaiion: vertical 
А inb Leer. 
Theoretical Gain of Broadside № А A Is | 
elaments al diferent! spacings "а". һам | 
Spacing in Gain, dB | | 
wavalengths "а" above Dipole | 
54 4.8 
24 4.6 
їл 4.0 
а 2.4 
T 1.0 
i 0.3 





Thaoratical Galn of Broadside 44 X 
&lements for dilterent numbers of elements, 





Nunber of Gain, dB 
olanianta above Dipols 
2 4.0 
3 B.5 
4 7.0 
5 8.0 
6 9.0 





End Fire Array 
i, = hee 
polarizalian: verlical 


Theorelical Gain of Two End Fire 15 А 
Elements for Various Spacings “а” 





Gain, dE 
а above Dipota 
Ti 1.7 
и 2.2 
3g 3.0 
14 3.8 
1/20 4.1 
м 4.3 





Рагав с Array 
| = хи 
polarizathon: harlzantal 


Humborof бар, dB Front to Back 
Elements above Dipole Ratio, dB 

















2 4 ta 5. 10 to 15 
3 бїр? 15 їр 25 
4 T in B 20 to 30 
5 8 — 
| aa 
І = 
= j QA. 
Ou ~ 
Jl Е = 
Р: РЕ 
Ж, | 3 
£X. 
Callinsar Array і: І 
Р 
h = hid 
_ Мигиниг of 14 2. elements in array versus 
Spacing "a" between өніп in dB above a reference Dipole 
cantars of јави | ———————————————————————— 
а ^ laments 2 3 4 5 E 
he lak 1,8 3.3 4.5 5.3 6.2 
а = د د‎ 3.2 4.8 6.0 7.0 7,8 
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_ PATTERN TYPES 





ry 


small 


Fr | 
= 


very 
high 


ams 
| 4 


^ 
% 


5 


Ь = мй 


LiD = 5 
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= 
= 
= 
E3 
os 
=ч 
| 
= 


Ж : | | 
One [214 | 40 | ЛЕН 





Dipole over эй 


ground plane 
L = hd 
b/D = 53 


Biconical 


и. Dipate 


= AP 
= КУН 
D = 84/8 


Disc-Cone or Rod 
‘| Disc-Cone 


L = МА 
{= А 


| Biconical Нот 


L = 97/3 
б = 14% 


Slot in Large 


__| | Ground Plane 


L = x 


Vertical 
| Full Wave | 


ever reflector 
screen, tube 


ЕШ long coiled 


Into 6 turns 


dipole fees (2/2) 


ELIES 


Horn, 


coaxial feed 
i= ЗА 
Г, з dA 
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MICROWAVE ANTENNA CHART 


Shown here is the relationship between circular antenna aperture size, frequency, and gain. Also listed are the 
antenna performance requirements for various system applications. Practical factors, such as whether the 
antenna is solid or perforated, the type of aperture illumination, accuracy of construction, and shadowing from the 
feed system will tend to reduce the gain somewhat. 

FOR EXAMPLE: To achieve a gain of 40 dB at 10 GHz requires an antenna with à diameter of 10 m. An 


antenna with a diameter of 100 m has a gain of 100 dB at 100 GHz. 


Antenna Performance Requirements 


| GAIN 





B. (18: POINTING | | 
above BEAM WIDTH ACCURACY, TYPICAL 
APPLICATION PATTERN | індігеріс т rad. ІНІ degrees to dingrgas TYPES 


| SATELLITE | Pancil Beam | 10 1240 dB | 60 to 2 or jess g 2 ог већег | Morn, Phased ariy 
Link or Probe аг mora — Parmhola, Caasegrain 


2. POINT TO POINT RELAY 








а. On Farth Fancil Вват a. 50 ta 120 | |5. Horn, Рагађоја, 
b. Earth to Зара ПЕ b. 50 12 120 | il- Casieqraln 

[a 
г. Sajellite to t. 50 to 180 

Satellite 







3. BROADCAST 
а. Ёвгїһ Trans, ominidir, а. 

Б. Sat. Trans. | wide or fan b. b. Cylindrical 

beam parabola 


4. NAVIGATION опа, йг тары. | 10 in „058 Vertical radiator, 
lan beam Horn, of Parabola | 

б. AADAR Horn, Porabolo, 

à. Sahrrh свет 40 te 120 B1a1.8 x 10-4 |,.121a2 1.8 X 1078 Cnsaepraln, 

b. Track | Pencil Barm | Phosod array 
6. RADIO ASTRONOMY 

a. Разне Foncll Boom 50 to ТЕП „58 to 1.8 X 10-75 | .057 to 1.8 ж 1077 | Porabola, Cagengreln, 

b. Activa ür groater Phased array - 
7. HADIOMETRY 

Industrial Шы unknown unknown ГЕ 


Antenna бат and Size vs Frequency for Uniformiy (illuminated Circular Aperture 
WAVELENGTH 


см зосы SCM. G. 37M қасы 3 i 3x18 À 3 xi В 
240 = 






n. Vertical radiajor 






100 lo 1.8 
180 тр BF 


10 12.18 








Е ВТЕ 2 Paratela | 
= Wenansegy 25720.65 98 аба GHE 
= 3 kennedy ЕВ dh $ GB sr 0.9 GHr 
4 Кеппесу ZB Az 5 98 21 2 GH? 
5 Kennedy 2846 2621 4 Hi 
Б BIL IH J G JË a1 0.96 GHz 
т BIL 2 se) H.P. 43 зората 4 СЫ: 
В. Kennedy EO 43.1 dB al 0.98 Gli: 
| B FPL 85" 45.5 ав af 0.96 GHE 
{зп NAL 50” 50.2 dB at 2.4 GHz 
11 JPL B*5' 53.7 dE al 2.4 GHI 
I2 BT1 HP B87.7' 57.5 dB ar 4,08 GME Tolstor 
13 Опери Lab 90" 
]4 Linbeln Labl26* 
115 MRL 50° 72 dB at 34 GHz, й" 
i6 Hale 200" Telescope 


DIAMETER 0, METERS 


147 dH at 5000 A 5694 гр ығ? 


Gain, 98 [above мора} 





ИСО MHz) (НЕ) оне) [10 GHz} [E THz | [ID THz] посты: ] 
FREQUENCY Рр, Hartz 
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ANTENNA EFFECTIVENESS NOMOGRAM 


Antennas are judged on the basis of radiation efficiency or their VSWR. Radiation efficiency is the ratio of the 
radiated power to the total power fed into the antenna terminals. Total power is the sum of the radiated power and 
the power lost in ohmic losses in the form of heat. The power going into the antenna terminals is the power which a 
transmitter can put out less the power reflected due to antenna mismatch. Antenna effectiveness is the ratio of the 
radiated power to the power which a transmitter can put into a matched load, i.e., the forward or incident power. 


| 4 VSWR Y 
Effectiveness = ——— — —,* efficiency 
(VSWR + 1) 


FOR EXAMPLE: A 60% efficient antenna with a 2.51 VSWR has an effectiveness of 48% compared to a 
perfectly matched 100% efficient antenna. 

NOTE: іп some cases an antenna can be made more effective by lessening its efficiency if this will produce 
a sufficient reduction in the VSWR. 


[ere 
EFFICIENCY (9) 


90 


99 
ЕҒҒЕСТІУЕМЕ55 
(%) 
hoo - 
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TRANSMISSION LINE CHARACTERISTICS 


Characteristics of Various Types of Transmission Lines Erected Parallel to a 
Perfectly Conducting Earth. 


LOGARITHMS TO THE BASE Ю 11” GENERATOR CURRENT 


LINE CONFIGURATION — | CHARACTERISTIC IMPEDANCE | МЕТ OROUND- RETURN CURRENT 


3-Wire 
2 wires 
grounded | 


| d-Wire 
balanced 


5 д = } 
4-Wire | 20518 ЕЛЕР т? 


IE BT 


5- Wire 
А агач 


grounded | 


(coaxial) 
E = Dielectric constant 
ef insulating material 


Doubie 
coaxial 
| balanced | 


|2, ТИН. gm (- 5 | 


Ез Dieletric constant of medium 
| | ^ - де: for gaseous medium 
| | | i 33 g= 





| (From Aadio Engineers’ Handbook by Frederick E. Terman. чт (21943 by McGraw-Hill Book Company. Used with 
| permission of McGraw-Hill Book кат. ) 
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CHARACTERISTIC IMPEDANCE OF BALANCED TWO-WIRE LINES 


This nomogram determines the theoretical exact impedance of air-dielectric parallel lines in air or in a vacuum, 
and remote from any conducting plane. 1 covers conductors having diameters from 0.01 to 5 in., spaced from 0,01 
to 100 in. center-to-center. 


> — 2D 
2 = 276 е ar 
D > 2d 


FOR EXAMPLE: (1) The impedance of a line using #12 wire spaced 116 in. is 430 ohms. (2) What is the wire 
diameter for a 300-ohm fine spaced 174 in.? Answer: 0.20 in. 


p, 


j 
Too 
606 
| £00 
= 19g 
= 
Zo 





WIRE SIZE 855. 


m 
e 
e 
©} 
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і 
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= 
їл 


"л 
E 
= 
О | 
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= 
< 
гаң 
Ш! 
а. 
= 
e 
mm 
e 
o 
Lil 
pe 
C 
< 
се 
ef 
I 
C 


CENTER-TO-CENTER SPACING (inches) 


b 

ie 
го 
e 


| WIRE DIAMETER | 
eb НЕ 


2 


Е Биш | on 
aan 


b 
a La 
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(Reprinted with permission from International Telephone and Telegraph Corporation.) 
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CHARACTERISTICS OF COAXIAL CABLES 
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ЧЁ START HERE TO SELECT BY TYPE NUMBER 






























































PE 
RG Dt- APRON A 
INNER CONDUCTOR SHIELDS JACKET CDL% 

CABLE ELEC- ALUMINIUM VOLTS PER 

TYPE _ TRIC — LO WIRE) ^ RMS МЕТ. 

МАТ, STRAND 0.0, 0.0. INNER GUTER 0.0. MAT. 0.0. ) 

8B /U 5С | 051 4850 SC SC — ,280 МСУ „335 = 3900 83 Е 

sas СМ 1 0285 .1H9 — 5C С 284 НУ 334 — — 2700 74 | 
ВА С 7 ве 2795 С = мй У 415 = 4000 99 Й 
8 /ÀU E 7 0284 295 % -- 240 NEV 4150 = 4000 99 | 

PA/U BE 7 Она 285 56 SC 255 MCV 430 - 4200 126 m , 
ЕТІП БС Ff ati 24: 5€ — 4C 2445 МҰ 420 = 4000 128 а 

ФА С 7 08  .295 С — 340 NOY AIS 475 40000 121 2% 

IET ІС 7 248 — 2293 C -> AUN у AUS = 4000 89 

ПАО ТС 7 8 592 С - a МОЯ 12 E 4000 89 == = 
HAM ТС 7 048 — .292 c — | лаб МСУ 412 475 4000 113 

ЗА — TC 7 4B — .290 c С 455 NEY — 30 = 4900 _ 114 

MA/U С т „102 56 c C 463 МУ —.55B — 5500 201 

FAY С ) .88 495 с — 760 МСУ BBS o= 1000 44Ё 
ВА) С 1 .188 ара E — ,éü  HCY  .885 945 11000 496 = 

IAM С 1 250 225 Е = 990 МСУ 1,135 т” 14000 720 5 

ТА Ë 1 44520 #22 е — 890 МСУ 1135 1.195 14000 789 

зі С В Бі шо с — 535 МСУ 640 " 5200 195 

BU C 1045 1590 Е — 760 NCY  .B80 945 10600 425 с 
ТЕТ C |... Me и Же <= Ле РЕ 2% — 1900 at 

$$A;U — SC 1 М5 dz Sc 5C 14784  NCV 2165 __— 1900 36 

$58/U SC | 032 Л тС TC — 478 РЕ „206 = 1900 32 

58 АГ с 1 8242131 C — ANB ч 200 m 1900 24 

Аи) 76 19 075 .120 — TC ‚юр ч Луг — 1900 25 3 m 

SBCA TC — 19 (275 420 ТС = .50 меу лы 1900 25 

$9/U CW ЕЖ eB <= „ш т. 2ш = 2300 35 

39B/U CW Ма 488 с - М9 ыу 444 = 2300 34 ы” 
өм см 1 025 ли © = 191 v 250 = 750 34 

ВАЛ CW 1 025 141 с — J?) МСУ  .249 = 750 34 

BAN CW Же Sey С — 340 И 24415 - _ 1090 7a 

IU CW 1 025 151 С TÉ 198 РЕ — .259 m 750 42 

ЖАЛ) CW | — 0% 45) ТТ TC мю Y 51% - 798 42 

тїр CW 1 025 4151 С TC — .208 РЕ „250 = 750 42 

али ЄС | 102 383 C c S64 РЕ „548 ЧЕ 5509 230 A 

798/Ш CW ! 025 295 C — 340 NCV AIS 247% 1000 122 
Лед E 1045 690 С — _ 740 МСУ (890 re 10000 392 

17400 CW 7 012 (80 ТС — P _ У ‚105 = — = к= 
yay d 1 ARS o SC 2750 HCY glo = 14000 465 ы 
212/U | 5C |! 056 tae $c 5C 265 NCY 334 m 3000 85 

изу € 7 090  .292 С — 440 BEY ig = 4000 100 
Hau — $C 7 090  .292 5С 5C 340 МСУ 437 = 4800 129 | 

71580 С 7 090 297 С — 340  MCY 41? "У 4000 122 NE" 
мал) TE 7 CIEE с C зао HCY мдар — 4000 115 E > 
и С | од аб т C a3 HCY — .555 - 5500 202 

Tian oc i -175 _ „690 Е ~ 240 МСМ „а40 — _ 11000 457 

219/40 С .95 — .590 с — #760 МСУ (880 E |1001 507 _ 
420 с 1o 240 90 E — PPQ МСУ 1.120 — 14000 — 725 

221/0 € 380 Plo € = eo HCM 1.120 1.195 14000 790 
3223/0 56 44% шй — SC 55 195 ЕУ л — 1900 36 ae и | 
22470 С } 106 2800 С С A63 МСУ _ 555 41% 5500 232 


Sl—tdrer plated copper, C— bera. copper, PE—polyeihylane, HCV—non-cantaminanmg vinyl, 
V¥opolyvinglchloride, TC—41inned copper, C —copperweld 


W START HERE TO SELECT BY CHARACTERISTIC IMPEDANCE 


















































NOMINAL САР. ATTENUATION (48/ 100 ft.) FREQUENCY RG 
IMPEDANCE PF IN MEGAHERTZ VP CABLE 
OHMS 57. % ТҮРЕ 
10 50 10 200 49 — 600 1000 3090 
| 50 = 29.5 45 лаж ти 22 5.2 аб 88 147 459 ЗВ 
=== = E | 78 G 70 о if Bw 14 4.5 6.3 iue x 859 ВАЛ 
— MÓN — cs ue 3 29.5 55 "Yum a Жл 5.0 6.5 ЕВ 175 659 B/U 
eS = аа за = 29.5 =e Qs uw 2,1 50 85 ВА 175 559 ВА 
Se Ч. 52 = 245 — 45 ша 44. 74 5.2 6.5 90 17 459 ЗАД! 
_ 504 30 45  V3À За № 4 55 № iF 65.9 ФБ/Ы 
=. ЗЕРЕ ЧР جو‎ bem LJ x 29.5 Жі ЛА: 91 3,1 5.0 6,5 Bg 174 85529 104 /U 
at EL. еби 7B п 20.5 35 ШЕ 283 W 4.7 5.0 8.2 18 СИТЕТ 
PN E. 75 O 20.5 йі 15 — 245 Be 47 4.0 B2 18 45.9 АД 
Р 75 Dp 205 Яб 15 215 йэ 47 60 8.2 та 659 — 12A/U 
74 g 20.5 ӘР wa 948 Xm 47 60 8.2 18 659 ЗАЛЫ 
4 - В 52 а 29.5 Е: 65 15 23 3.5 4.4 80 147 659 ТЛА 
52 4 au ай uuu „495 %5 44. 32 45 PA 659 IFAs 
ЖЕ ВИШ 23 40 sb 1 2.4 3.2 45 9.5 659  1BASU 
RO 52% 29.5 JA ар 49 1 1.8 245 3.5 72 459 1ФАД) 
RE: БЕ = 25.5 Ji — 2 49” 14 1.8 245 25 77 %%9 20А/Ш 
> s. е 75 D 20 29 AB 15 8%) цз 4.5 $0 125 859 ЗАВ 
75 D 205 22 м 54 195 195 uz AS Ge 55 МЕЛ 
53.5 © 285 12 Яз ай 70 103 (0 17 з &59 554) 
so = ЛЕЗ та 32 А” У № 118 г 32 65.9 — 44A/U 
_ _ 53,5 4 285 1 За ӘНЕ 95 ЛЕЗ ия т 32 85.9 ЗУБР 
53.5 = 28.5 14 £5 эл а: фе 24 2 4 65? бал 
| 40 а 285 It мы 42 кї} ЫЛ ws ЖС 45 659 АВА 
50 = 29.5 18 мї} — &2 9:2 140 1Ұ5 2534 45 84,90 SBC/U 
E 73 F 21 A ar Әп .57 5а ihe ма 650 59/U 
Б. ЕЗ T = 20.5 i] nc wg Яғ 8.5 108 140 26 65.9 S9B/U 
| | 93 * 13.5 ЯЗ da 46 ME 5.8 7.0 "0 17 84 82 /U 
1 оз а 13.5 ар 1 м 99 5.8 7,0 9.0 17 B4 АЗА /U 
ЕЗ 125 № 10 ie dA Ба ER 4.1 5.1 &5 па #4 438/0 
= 93 + 13.5 яз ЛЫ Be — 5.8 7,0 90 17 84 FIL 
hi р 93 è 13,5 4829 19 27 39 5.8 7.0 9.0 17 84 71A/U 
_ 930: 13.5 Do 24-5 ЯТ 5,8 20- ӘП (ғ B4 718l 
т $2 а 295 28 з 15 23 3.5 44 50 117 659 7АА/) 
125 * 10 40 ла ой 925 4.1 54 é5 113 84 79B /u 
78 uU 20,5 аз аа AS 124 198 — 247 35 4 659 154/0 
50 > 30 = = = -- 2.0 = = — 559 174г) 
3 50 ^ 30 Чу XB us 24 32 45 95 559 ТУРА 
Е Е 50 + 29.5 »5 186 24 م‎ 5.2 5,8 ва 187 4889 212/0 
50 ^ ЖЕ: 4 ПАБ Lo № 50 45 BB 175 5659  213U 
2 Е : 50 = 30,5 аз 1% 24 За 52 55 9.0 17 65.9 — 214/U 
zm а - $0 = 305 — .56 135 2) а} 50 488 BB 157 85%  215/U 
Е 75 305 Жә 14 _ 25 32 — az 8.2 B2 18 65.9  215/U 
| 50 = Em 28 494 15 2а 3.5 4.4 80 117: 8459 2170 
= 56 = 40 «26 0а sw 13 2.4 12 45 9.5 859 ВА 
На ан Пи ы С. № 5р = 30 225 40 95 15 24 3.2 45 95 850 294) 
A 50 © 29.5 ЛЕ => oF 14: _ 185 = 35 77 = 22071 
| 50 = 27.5 wW = 49 ІЛ: MS o А 77 - 22170 
50 = 30 їй ір am. Лә WA uU 479 3 859 F23/U 
i 50 * 39 2а uf 1: ЧҮ 3.5 4.4 &.0 117 4859 224ЛІ 


(Reprinted from Special Report on Electronics, copyright by U.S. Industrial Publications, Inc., 209 Dunn Avenue, Stamford, | 


Connecticut.) 





Ohms Code: 2 Through ја 58 О $6 Through AO * al Threvgh 100 * 107 Through 200 


ULTRA-HiGH FREQUENCY HALF-WAVE SHORTING-STUB NOMOGRAM m 


This nomogram is used to determine the length in inches of shorting stubs required to eliminate interference in the 
UHF television range. 

FOR EXAMPLE: To eliminate an interfering signal at 575 MHz (channel 31) requires a 8v2 in. long half-wave 
shorting stub, if 300-ohm twin lead is used. If 75-ohm twin lead is used, the stub has to be 714 in. for the same 
frequency. 
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TRANSMISSION LINE NOMOGRAM В б». | Z 

This nomogram gives the actual length of line in centimeters and inches when given the length in electrical 

degrees and the frequency provided that the velocity of propagation on the transmission line is equal to that in free 

space, The length is equal to that in free space and is given on the L scale intersection by a line between А on 7^. 
FOR EXAMPLE: 
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SLOTTED-LINE WIDTH-OF-MINIMUM VSWR NOMOGRAM 


This nomogram is used to determine the VSWA and the magnitude of the reflection coefficient by the use of 
width-of-minimum measurement technique. This technique relies on the fact that there are two comparatively 
easy-to-find 3-dB points straddling any minirnurn, as illustrated. 

FOR EXAMPLE: А slotted-line width-of-minimum measurement of 0.18 cm, with a 1-GiHz source, indicates a 
VSWH of 53 or a reflection coefficient magnitude of 0,963. 

NOTE: The signal-to-noise ratio at the bottom of the minimum must be at least 10 dB for accurate results. 
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SLOTTED LINE WIDTH-OF-MINIMUM ATTENUATION CALCULATION NOMOGRAM 


This nomogram is used to determine the total attenuation between the probe position and the reference plane 
based on width-of-minimum measurements. 
FOR EXAMPLE: With a short circuit termination at the reference plane, if the width-of-the-minimum 
measured 30 cm from the reference plane is 0.014 cm at 3.5 GHz, then the attenuation is 0.045 dB. 
NOTE: The signal-to-noise ratio at the bottom of the minimum should be at least 10 dB for accurate results. 
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WAVEGUIDE NOMOGRAM | 
This nomogram relates three significant waveguide characteristics: 





waveguide wavelength (A) 
free space wavelength (X ) or frequency (f) 


cutoff wavelength (A) 4 


The vertical scale gives waveguide wavelength in centimeters. The horizontal scale is for the cutoff 
wavelength, and the points corresponding to the cutoff wavelength in the TE,, mode of three common waveguides 
are indicated. The sloping center scale is calibrated in free space wavelength and frequency. 

FOR EXAMPLE: (1) The wavequide wavelength at 6 GHz (5 cm free space wavelength) in an RG-50 
waveguide is 7.17 ст. (2) Measurement on an AG-51 waveguide whows the waveguide wavelength to be 6.5 
cm. The frequency is 7 GHz, which corresponds to a free space wavelength of 4.27 cm. 
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VSWR NOMOGRAM 


Ка transmission line is not terminated in its characteristic impedance, then some of the energy sent along the line 
will be reflected back, and standing waves form onthe line. The ratio of the maximum to the minimum voltage of 
the standing waves is the VSWR (voltage standing wave ratio) and indicates the effectiveness of the match 
between line and load. For a perfectly matched line, ће VSWR is 1. The VSWA can be given in a number of ways: 





Refiected power 





TE- з Forward power 


Reflected power 





Forward power 


This nomogram is based on the last expression and solves for VSWR from measurements of reflected power 


and forward power. 
FOR EXAMPLE: For a forward power of 180 W and a reflected power of 2.7 W, the VSWA is 1.27. 
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VSWR REDUCTION AS A RESULT OF ATTENUATION P | | | 
This nomogram relates load VSWR, input VSWR, and attenuation, It can be used to find the resultant VSWR with 
a given amount of attenuation, or to determine the attenuation required for a given VSWR. 

FOR EXAMPLE: (1) А 5-dB attenuator will reduce input VSWR to 1.23 if the load VSWR is 2.0. (2) The 
required attenuation to reduce a load VSWR of 1.8 to an input VSWR of 1.06 is 10.0 dB. 
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DOPPLER TO SPEED CONVERSION NOMDGRAM 


Radar or sonar frequency may be converted to hundreds ot miles per hour or knots per hour by using this chart. 
The base sonar frequency in kHz is given on the left scale and the base radar frequency in GHz is given on the 
right. Doppler frequency, in Hz for sonar and hundreds of Hz for radar, is shown at the bottom. The diagonals 
represent target rate of change of range, which is the velocity speed vector in the source's direction. 

The basic formula tor Doppler speed is: 


base f. x target range rate 
signal velocity in medium. 


The signal velocity in medium is 5,000 ft /sec for sonar and 186,000 mi /sec for radar. 

FOR EXAMPLE: (1) The base frequency of a sonar system is 40 kHz and its Doppler frequency is 55 Hz. 
The speed vector is found by the intersection of these two lines on the chart to be approximately 4.1 knots. 
(2) The base frequency of a radar systemis 11 GHz, and the Doppler frequency is 8,000 Hz. The speed vector of 
the aircraft in miles per hour is found (from the intersection of these two lines) to be approximately 480 mph. 
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DOPPLER FREQUENCY NOMOGRAM 


This nomogram solves for the Doppler frequency, which is produced as a result of relative motion between a 
transmitter and its receiver or target. The Doppler frequency is a function of transmitted frequency and velocity of 
motion. The angle to the velocity vector determines the actual relative velocity. For a navigation system (Fig. À) in 
an airplane, the earth is the target, and the angle Ais the acute angle between the aircraft heading and the radar 
beam. in this case the Doppler shift is downward. A forward-looking radar will produce an upward Doppler shift. 
For surveillance-type radars (Fig. B), the angle A is the acute angle between the radar beam and target velocity, 
(Note that the nomogram is based on the Doppler equation for radar and that the Doppler shift for a passive 
listening device will be half the frequency indicated.) 

FOR EXAMPLE: A helicopter navigation system transmits at 10 GHz at an angle of 70?. What is the audio 
bandwidlh required for aircraft velocities of 10 through 200 mph? On the left scales, connect 10 GHz and 10 mph to 
the turning scale. From that point on, the turning scale connecting through 70^ gives 100 Hz as the lowest 
frequency. Repeating the steps using 200 mph in place of 10 mph shows the highest frequency to be 2 kHz. Thus 
the required bandwidth is 100 to 2,000 Hz. The nomogram is based on the formula 
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where 
f, = Doppler frequency (Hz) 
V — velocity in miles per hour 
А = transmitted wavelength in centimeters 


Angle-to-velocity vector depends on type of target. 
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GRAPH FOR ADDING TWO IN-PHASE SIGNALS 


This graph determines the combined signal level and shows the number of dB that must be added to the larger 
Signal. 

FOR EXAMPLE: Two in-phase signals are — 25 dB and — 27 dB respectively. The difference is 2 dB and, from 
the graph, 2.2 dB must be added to the larger signal. Thus, the combined signal power level is —25 dB plus 2.2 dB 
or — 22.8 dB. 
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GRAPH FOR SEPARATING SIGNAL POWER FROM NOISE POWER 


When making transmission loss or crosstalk measurements, the presence of noise is a potential source of error. If 
the total voltage measured across the load resistance when a signal is being transmitted is 15 dB or more greater 
than the noise voitage alone, the error in the received voltage measurement will be negligible. If, however, the dB 
difference between the combined signal and noise voltage and the noise voltage alone is less than 15 dB, a 
correction must be made. To do so, two voltage measurements must be made. Namely, (1) the noise power in 
dBm, and (2) the combined noise and signal power in dBrn. On the horizontal axis locate the point equal to the 
difference between the two powers and read on the vertical axis the number of dB to be subtracted from the noise 
plus signal power and obtain the power of the signal alone. 

FOH EXAMPLE: The difference between the measurements of combined noise and crosstalk and noise 
alone is 5 dB. Thus, 1.7 dB must be subtracted from the combined signal and noise levelto obtain the level of the 
signal alone. 
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FIELD POWER CONVERSION CHART 


Power density is related to field strength by the equa- 
tion 


where 


P = the power density 
E =the field strength 


12077 =the resistance of free space 
and 


This chart converts between field strength and 
power density. 

FOR EXAMPLE: А field strength of 3,000 uV/m 
corresponds to а poler density of 0.024 i W/m* and is 
70.5 dB above 1 n V-m. 
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Q SIGNALS (MNEMONIC CODE) 


The Q code was first adopted in 1912 by international treaty agreement to overcome the language barriers faced 
by ship operators of all nations as they tried to communicate with shore stations all over the world. Many of the 
original list of 50 signals are still in use with their definitions unchanged. Many more have been added from time to 
time, and the official meanings of some signals have been changed. іп addition, many signals have been 
informally adopted for use by amateurs in situations not covered by the official lists. 

The list below includes virtually every Q signal which could, even remotely, be thought to have an application 
in amateur radio communication. To simplify the task of finding the definition of an unfamiliar signal, we have 
combined all the signals into a single alphabetical list, mixing "official" and unofficial signals. The definitions listed 
are, in most cases, the official ones, taken verbatim from the trealy. In other cases, where definitions are not the 
official ones, they are as amateurs universally understand them, for purposes of amateur communications. The 
QN signals, adopted by ARRL for traffic net use, have official definitions which refer to aeronautical situations. 





QAM What is the latest available meterological Transmit (1—test tape, 2—test sentence} 
observation for {place}? by RTTY. 
The observation made at (time) was... . СЫ Shall | transmit continuous (1—mark, 
QAP Shall | listen for you (or for .. оп... 2—space) RTTY signal? 
kHz? Transmit continuous (1—тагк, 2-<расе) 
Listen for me (ог for...) on .. . kHz. signal, 
QAR May | stop listening on the watch fre- QJK Аге you receiving continuous (1—mark, 
quency for... minutes? 2—space, 3—mark bias, 4—space bias}? 
You may stop listening on the watch [| am receiving continuous {1—mark, 2— 
frequency Рог... minutes? space, 3—mark bias, 4—space bias}. 
QBF Have we worked before in this contest? ОКЕ May | be relieved at... hours? 
We have worked before in this contest, You may expect to be relieved at... 
QHM | will tune fram the high end of the haursby. ... 
band toward the middie. OLM | will tune for answers from the low end 
(Used after a call or CO.) of the band toward the middle. 
GIF AWheethequarey ib- РЕ" QMO | will tune for answers from my fre- 


Не is using... kHz. quency down. 


ОЛА ls my RTTY {1-чаре, 2—М/5) ге. OMH | will tune for answers from the middle 
— о | of the band toward the high end. 
НЕ is reversed. OML | will tune for answers from the middle 
OJB Shall | use (1—TTY, 2—reperf)? {Far of the band toward the low end. 
ATTY use.) OMU | will tune for answers from my fre- 
Use (1- TT Y, 2-reperf] quency upward. 


ОМТ — Will you mail the traffic? 


СС Check your RTTY (1—TC, 2—auto head, 
| will accept the traffic for delivery by 


j—reperft, 5—Printer, 7 keyboard). 


mail, 
0.0 Shall | transmit (1—letters, 2—figs}? (For ОМА" Answer in prearranged order. 
RTT Yi ONS" Act asre'ay between... and.. 
Transmit (1—letters, 2—{igs}, ONC All net stations copy. 
ОЈЕ Shall | send (1—wide, 2 -narrow, 3—cor- | have а messege for ali net stations. 
rect) RTTY shift? OND” Net is directed (controlled by net control 
Your ATTY shift is [1 wide, 2—narrow, station], 
3 —соггес\ }. ONE" Entire net stand by. 
QJF Does my RTT Y signal check out ОК? ONF Мет is free {not controlled], 
Your ATTY signal checks out ОК. ONG Take over as net control station. 
QJH Shall | transmit [1—test tape, 2—test QNH Your net frequency is high. 
sentence) by RTTY? QNI Net stations report in." 


"Рог use only by Net Control Station. 


3s 


56 


ОМ. 
ОМК” 
QNL 


QNM * 
ONN 


ома 
QNP 


ома“ 


QNR" 


QNS 


QNT 


ому" 


ОМУ 


QNY 


ON X 


UNY” 


QNZ" 
QRA 


ОВ 


ORD 


QRE 


ОВЕ 


ORG 


| am reporting inte the net. {Follow with 
list of traffic or ORU.) 

Can you copy me? 

Gan you сору... ? 

Transmit messages [ог ...10,. 

Your net frequency is low. 

You are OR Ming the net. Stand by. 

Net control station is... .* 

What station has net control?” 


Station is leaving the net. 

Unable to copy you. 

Unable to copy .... 

ПОЛИ Been. ..2 and wait for... to finish. 
Then send him traffic for... . 
Answer... апа receive traffic. 

Fallow ng stations are in the net.” (Fol- 
low wish list.) Request list of stations in 
the net, 

| request permission to leave the net for 
. .,.Hinutes, 

Tha net has traffic for you, Stand by. 
Establish -contact with ,., on this freq. 
If successful QS Y to... and send traffic 
№... 

How do | route messages ог... 2 

You are excused from the net." 

Request to be excused from the net, 
Shift to another frequency lor to... ЕН?) 
to cleer traffic with... . 

Zero beat your signa! with mine. 

What is the name of your station? 

The name of my station is... . 

How far approximately are you from my 
station? 

The approximate distance between our 


Station is...nautical miles (ог kilp- 
meters}. 

Where are you bound for and where are 
You from? 


lam bound for... from. ,,, 
What is your estimated time of arrival 


at... (or over, . „| (place)? 
My estimated time of arrival at... lor 
over...) (place) is... hours, 


Are you returning to ,. , (place)? 

| am returning to... {płace}, 

or 

Return to... (place). 

Wil! you tell me my exact frequency (or 
that af . ,,)2 


"Рог use only Бу Net Control Station, 


QRH 


QRI 


QR J 


ОАК 


ӘНІ 


ORM 


GRN 


оно 


САР 


ОНО 


ОНА 


ОКА 


QRS 


QRT 


GRU 


ORV 


CRW 


Your exact frequency [ог that of ...} is 
... KHz (or MHz). 

Does my frequency vary? 

Y our frequency varies, 

Haw is the tone of my transmission? 

The tone of your transmission is (1— 
good, 2—variable, 3—bad. 

Are you receiving me badly? 
signals weak? 

| am receiving you badly. Your signals 
аге too weak. 

What is the intelligibility of my signals 
lor those of., J? 

Тһе intelligibility of your signals (ог 
those of ...} 1$ i—bad, 2—роог, 3--fair, 
4—qood, 5—excellent. 


Are ту 


Are you busy? 

| am busy (ог E am busy with . . .). Please 
do nat interfere. 

Are you being interfered with? 

| am being interfered with (1—nil, 2— 
slightly, 3—moderately, 4—severaly, 5— 
extremely}. 

Are you troubled by static? 

| am troubled by static (1—nil, 2- 
slightly, 3—moderately, 4—severely, 5— 
extremely}. 

shall | increase transmitter power? 
Increase transmitter power, 

Shall | decrease transmitter power? 
Decrease transmitter power. 

Shall | send faster? 

Send faster {. . . words per minuta), 

Are you ready for automatic operation? 

| am ready for automatic operation. Send 
al... wards per minute. 

Distress call signal for use by amateur 
cw, and АТТУ stations. To be used 
only in sttuatians where there is danger 
to human life or safety. 

Shall | send more slowly? 

Send more slowly. 

shall | stop sending? 

Stop sending, 

Have you anything for me? 

| have nothing for vou. 

Are you ready? 

| am ready. 

shall | inform ,,, that you are calling 
him оп... kHz? 


ORX 


ORY 


ORZ 


ОБА 


Ose 


050 


056 


Q5H 


сы 


USK 


USL 


QSM 


USN 


050 


Please inform . , . that | am calling him 
B 2... AES 

When will you call me again? 

| will cal! you again at... hours fan... 
kHz). 

What i5 my turn? 

(Relates to communication} 

Your turn is Number... (ог according 
to any other indication), 

{Relates to communication) 

Who is calling me? 

You аге being called Бу... (on , . kHz]. 


What is the strength of my signals (ar 
those af ,, |J? 

The strength of your signals (or those of 
...) is (T—scarcely perceptible, 7—weak, 
3—fairly good, 4 —good, 5- very goad). 
Are my signals fading? 

Y our signals are fading. 

15 my keying defective? 

Your keying is defective, 

Shall | send... messages at a time? 

Send , , . messages at а time. 


Ага you able to home on your D/F 
equipment? 

| am able їо home on my D/F equipment 
(an station , . .). 

| have been unable to break in on your 
transmission. 

or 

Will you inform... (call sign] that | have 
been unable to break in on his trans 
mission (оп... kHz]. 

Can you hear me between your signals 
and if so can | break in on your trans- 
mission? 

| can hear you between my signals; break 
іп Әп my transmission, 


Can you acknowledge receipt? 

| am acknowledging receipt. 

Shall | repeat the last telegram which | 
sent you (ог some previous telegram)? 
Repeat the last telegram which you sent 
me (ог telegram(s) number(s} .. .). 

Did you hear me (оғ... (call sign)] on 
‚ ..КНЕР 

| did hear you [ог .., (call sign}] on... 
kHz. 

Сап you communicate with ,,. direct (or 
by relay}? 


USP 


050 


QSR 


055 


ЗЕТ 
050 


05У 


GSW 


OS% 


OST 


052 


OTC 


ота 


| can communicate with ., . direct (оғ by 
relay through .. .). 

Will you relay to... free of charge? 

| wili relay to... free of charge. 

Have you a doctor on board [or is... 
(name of person) on board] 2 

| have a doctor on board [or . . . (name 
af person) is on board]. 

Shall | repeat the call on the calling 
frequency? 

Repeat your call on the calling frequency; 
did not hear you {ог have interference}. 


What working frequency will you use? 

| will use the working frequency . „kHz. 

Calling all radio amateurs. 

Shall | send or reply on this frequency 

(or an... KHz? 

Send or reply on this frequency {ог on 
. . KHz. 


Shall | send a series of Y's on this fre. 

quency for... kHz]? 

Send a series of V's on this frequency (or 

.. kHz]. 

Will you send on this frequency for on 

... KHz) 

| am going to send on this frequency (or 

on...kHzl. 

Will you listen ta... (call 5197153] on 

oo ze 

| am listening to... (сай signis!) on 
.. kHz 


Shall | change to transmission on ап. 
othar frequency? 

Change to transmission on another fre- 
quency {ог оп... kHz). 

Shall | send each word or group more 
than once? 

Send each word or group twice lor... 
times}. 

Shall | cancel message number... ? 
Cancel message number... . 


Do you agree with my counting 01 
wards? 

| do not agree with your counting of 
wards; | will repeat the first letter or 
digit of each word or group. 

How many messages have you to send? 

| have ... messages for you (ог for. . .). 
Will you send two dashes of ten seconds 
each followed by your call sign {re- 


57 


OTH 


QTN 


ато 


OTP 


ara 


QTR 


OTS 


OTU 


TV 


QTX 


5B 


peated ,.. times) іоп,..КН2)) or Will 
vou request,.,to send two dashes of 
ten seconds followed by his call sign 
(repeated ... times) оп... kHz? 

| am going to send two dashes af ten 
seconds each followed by my call sign 
(repeated... times) lon... kHz). or | 
have requested ...to send two dashes af 
ten seconds followed by his call sign 
(repeated ... times) оп... kHz. 

What is your position in latitude and 
longitude for according to any other 
indication]? 

My position is... latitude... longitude 
{ог according to any other indication). 
At what time did you depart Мот... 
ірізсе)? 

| departed from .., (place) at, , , hours. 
Have you left dock for port]? or Are you 
airborne? 

| have left dock {or port], or | am air- 
borne, 

Are you going to enter dock (ог port}? 
or Are you going to alight tor land)? 

| arn going tà enter dock lor port}. or | 
am going to alight {or land). 

Can you communicate with my station 
by means of the International Code of 
Signals? 

| am going ta communicate with your 
station by means of the International 
Cade of Signals. 

What is the correct time? 

The correct time is... hours. 

Will you send your call sign for tuning 
purposes or so that your frequency can 
be measured now {Ог at...hours) on 
kHz? 

| will send my call sign for tuning 
purposes or so that my frequency may 
be measured now [ог at... hours) on 
vas MM. 

What are the hours during which your 
station is open? 

My station is open from , , , to... hours, 
Shall | stand guard for you on the fre- 
quency of... kHz (тот... n. 
hours}? Stand guard for me оп th 
frequency of ,..kHz (fram ,,, to hours). 
Will you keep your station open for 


further communication with me until 
further notice (or until... hours}? 


QTY 


QTZ 


QUA 


QUB 


сис 


QUE 


QUF 


QUH 


QUK 


QUM 


| will keep my station open for further 
communication with you until further 
notice for until... hours}. 

Are you proceeding ta the position of 
incident and if so when do you expect to 
arrive? 

! am proceeding to the position of 
incident and expect tà arrive at, . . hours 
on... (дате), 

Are you continuing the search? 

| am continuing the search for... {air- 
craft, ship, survival craft, survivors, or 
wreckage}. 

Have you news of ... (call sign}? 

Неге is news of... {call sign}. 

Can you give me in the following order 
information concerning: the direction їп 


degrees TRUE and speed of the surface 

wind; visibility; present weather; and 

amount, type, and height of base of 

cloud above surface elevation at... 

(place of observation}? 

Here is the information requested: , , . 

(The units used for speed and distances 

should be indicated, } 

What is the number [or other indication] 

af the last message you received from me 
[or from... (сай sign]] 2 

The number (ог other indication] of the 

last message | received from you [or 

from... (call sign)] і5.... 

Can you use telephony in... (language), 

with interpreter if necessary; if so, an 

what frequencies? 

| can use telephony in... {language} on 
.. MIRE, 


Have you received the distress signal sent 
һу... (call sign of station)? 

| have received the distress signal sent 
by... (call sign of station) а(,., hours, 


Will you give me the present barometric 
pressure at sea level? 

The present barometric pressure at sea 
level 15... (units). 


Can you tell me the condition of Ihe sea 


observed at... (place or coordinates}? 
The sea at... (place or coordinates} 
[m 


May | resume normal working? 
Normal working may be resumed, 


RADIO TELEPHONE CODE 


Generai Station Operation 

10-1 Receiving poorly. 

10-2 Signals good. 

10-3 Stop transmitting. 

10-4 Okay—Affirmative—Acknowledged. 
19-5 Наву this message. 

10-6 Busy, stand by. 

10-7 Leaving the air. 

10-8 Back on the air and standing by. 

10-4 Repeat message. 

НЕТО Transmission completed, standing by. 
10-11 Sneak slower, 

10-13 Advise weather and road conditions. 
10-15 Complete assignment as quickly as possible. 
10-19 Return to base. 

10-20 What is your location? My location is .... 
10-21 Call... by telephone. 

10-22 Report in personto.... 

10-23 Stand by. 

10-24 Have you finished? | have finished. 
10-25 Do you have contact with... 7 
Emergency or Unusual 


10-30 Does not conform to Rules and Requiations. 

10-33 Emergency traffic this station. 

10-35 Contidential information. 

10-36 Correct time. 

10-41 Tune to channel . . . for test, operation, or 
emergency service. 

10-42 Out of service at home. 

10-45 Call... by phone. 

10-54 Accident. 

10-55 Wrecker or tow truck needed. 

10-56 Ambulance needed. 

Net Message Handling 


10-60 What is next message number? 

10-62 Unable to copy, use CW. 

10-63 Net clear. 

10-64 Met is clear. 

10-66 Cancellation. 

10-68 Repeat dispatch on message. 

10-69 Have you dispatched message... ? 
10-70 Net message. 

10-71 Proceed with transmission in sequence. 
Personal 


10-82 Reserve room for.... 
10-84 What is your telephone number? 
10-8B Advise present phone number of.... 


Technical 


10-89 Repairman needed. 

10-30 Repairman will arrive at your station... 
10-82 Poor signal, have transmitter checked. 
10-93 Frequency check. 


10-94 Give a test without voice for frequency check. 


10-85 Test with no modulation, 
10-99 Unable to receive your signals. 


INTERNATIONAL MORSE CODE 






































Alphabetical 

А سه‎ J » = — с 4 
— M К Te 

D —* + + — =: Џ + + — 
e Mas "t EE 
a Ч — * W +» — — 
Fert Q-——— X — = — 
а — — + P »—— # у 0 s 
Н == & + Ыз c£ "we 
| +. Bow. 

By Groups 

Group One Group Two Group Three 
ЕЗ А * H'— 
1“: М = — — | эт — 
5... د‎ E | * ви 
Н = #46 М * Џ = + — 
ЖЕ” i RK EMT ES 
Mi — — В... 

(ORB ИВ 

Group Four 

Ms e LL li) — + 

Ж .. G = = * 

ом че Я má 

Y — = — — Р"--- 





Numerals and Punctuation 

















fe——— — б —*+ а= 
O ш. 
а В м: 
Hostes Пе ——— = 
Боља а • о. 
РЕПО — 5 == = 
Comma — —** — — 

Question mark **——*+ 


Error ann o + 4 

Double dash — =.= — 
Fraction bar 
Wai * 
invitation to transmit —* — 
End of message (АН) * 
End of transmission * * * — * — 














Special Foreign Letters 


А (German) • — * 
А ог A (Spanish-Scandinavian} * — 
CH (German-Spanish) — — — — 
E (French) = + —** 

N (Spanish) — — ' — — 

C (German) — — — ' 

U (German) * * — — 





* Lc. 
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SIGNAL REPORTING CODES 


RST Code 


The standard amateur method of giving signal strength reports. For phone operation only the first two sets of 
numbers are used with the words “readability” and "strength." 


Readability (R) 
1. Unreadable 
2. Barely readabie, occasional words distinguishable 
3. Readable with considerable difficulty 
4, Readable with practically no difficulty 
5. Perfectly readable 


Signal Strength (5) 

. Faint; signal barely perceptible 
. Very weak signal 

. Weak signal 

. Fair signal 

. Fairly good signat 

. Goad signal 

. Moderately strong signal 

‚ Strong signal 

. Extremely strong signal 


ш гп ~ с cn b co ho — 


Tone (T) 

1. Extremely rough, hissing signal 
. Very rough ac signal 
. Rough, low-pitched ac signal 
. Raiher rough ac signal 
Musically modulated signal 
. Modulated signal, slight whistle 
. Near de signal, smooth ripple 
. Good dc signal, trace of ripple 
. Purest dc signal 


о CD NDNA № 


It the signa! has the steadiness of crystal control, add "X" after the RST report; add "C" for a chirp; and “К” for 
a keying click. 

A typical report might be: "HST579X," meaning "Your signals are perfectly readable, moderately strong, 
have a perfectly clear tone, and have the stability of a crystal-controlled transmitter." 

This reporting system is used on both CW and voice, leaving out the “Tone” report on voice. 


SINFO Coda 


A reporting method used in the shortwave field. All the numbers after the letters range from one to five. Q-code 
equivalents for each characteristic are also shown. 
FOR EXAMPLE: A typical report for a station that is coming in loud and clear would read: SINPO 55555. 
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5 ! М P О 





Signal Atmospheric Propagation Overall 
Strength infarferance Malse Disturbance Ment 
(ОЗА) (QAM) (QAN) (QSB) (QRK) 

5 Excelent 5 None 5 Nons 5 None 5 Excellent 

4 Good 4 Slight 4 Slight 4 Slight 4 Good 

3 Fair J Moderate 3 Moderate 3 Moderate 3 Fair 

2 Poor 2 Severa 2 Savera 2 Severe 2 Poor 

1 Barely 1 Exirame 1 Extreme 7 Extreme 7 Unusable 
audible 





555 Code 


Another reporting code sometimes used in the shortwave field. 








Signal Strength Interference Overall Merit 
О Inaudible 0 Total 0 Unusable 
1 Poor 1 Very severe 1 Poor 
2 Fair 2 Severe 2 Fair 
3 Good 3 Moderate 3 Good 
4 Very good 4 Slight 4 Very good 
5 Excellent 5 None 5 Excellent 





SINPFEMO Code 


This eight-figure signal reporting method rates eight characteristics of a signal. (If a characteristic is not rated, the 
letter "x" is used instead of a numeral.) 


| | Overall 
Quality Depth | Rating 


Excellent li Nil | Nil | Excellent | Maximum Excellent 
Good j | Slight | Slight Good Good 
Fair Moderate Moderate | Moderate Moderate | Fair Fair Fair 

| Poor Severe severe Severe Fast | Poor Poor or nil | Poor 

| Barely audible| Extreme Extreme | Extreme Vary fast | Very poor| Continuously 


overmodulated | 
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COMMERCIAL RADIO OPERATOR AND AMATEUR OPERATOR LICENSES REQUIREMENTS _ 


Amateur Operator Licenses 





Class Prior Experience 


Novice None 
Technician None 
General None 
Advanced Nane 
Amateur None 
Extra 


Code Test 


5 w.p.m. 


5 w.p.m. 
(Credit given 
to Novice 
Class Li- 
censees) 


13 w.p.m. 


13 w.p.m. 
(Credit ts 
given to 


General 
Class Li- 


censees) 


20 w.p.rn. 


Written Examination 


Elementary theory 
and regulations 


General theory and 
regulations 


General theory and 
regulations 

(Credit givan to 
Technician Class 
Licensees) 


Intermediate theory 
and regulations 


Advanced theory and 
regulations 


Privileges 


Al Telegraphy in 3.7- 
3.75, 7.1-7.15, 21.1- 

21.2, 28.1-28.2 MHz. 
250 walts maximum 

input. 


All amateur privileges 
above 50 MHz. 
Also novice privileges. 


1.8-2,? 3,525-3.775, 
3.89-4, 7.025-7.15, 
7.225-7.3, 14.025- 
14.2, 14,275-14.35, 
21.025-21.25, 21.35- 
21.45, 28.0-29.7 
MHz, and all amateur 
privileges above 

50 MHz. 


1.8-2,? 3,525-3 775, 
3.8-4, 7025-73, 
14.025-14,45, 21,025- 
21,25, and all ата- 
teur frequencies 
abova 21.27 MHz. 


All amateur privileges 


Term 


5 удаг5, re- 
лама 


5 years, га- 
newabie 


5 years, re- 


newable 


5 years, re- 
newable 


5 years, re- 
newable 


“The 1.8-2 band frequency and power assignments differ from state to stale. Check with nearest FCC office. 
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Commercial Radio Operator Licenses 








Type Age Code Written Term 
of License Minimum Requirement Test of License 
Restricted Radiotelephone Permit 14 years None None; obtained Lifatime 
by declaration 
(ЕСС Form 753) 
Marine Radio Operator Permit Mone None Elements 1, 2 5 years, 
renewable 
General Radiotelephone License None None Element 3 o years, 
renewable 
Third Class Hadiotelegraph Permit None 18 code groups Elements 1, 2, 5 5 years 
20 plain words renewable 
per minute 
second Class Hadiotelegraph License None 16 code groups Elements 1, 2, 5 years, 
20 plain words 5,6 renewable 
per minute 
First Class Radiotelegraph License 21 years; 20 code groups, Elaments 1, 2, 5 years, 
one year 25 plain words 5, 6 renewable 
experience per minute 
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Commercial Examination Elements 


NO. 1, BASIC LAW- 

Provisions of laws, treaties and regulations with which every marine operator should be familiar. (20 Questions, 
multiple choice type) 

NO, 2, BASIC OPERATING PRACTICE- 

Operating procedures and practices generally followed or required in communicating by marine radio-telephone 
stations. (20 Questions, muitiple choice type) 

NO. 3, BASIC RADIOTELEPHONE- 

Technical, legal and other matters including basic operating practices and provisions of laws, treaties and 
regulations applicable to operating radiotelephone stations other than broadcast. (100 Questions, multiple 
choice type) 

МО. 5, RADIOTELEGRAPH OPERATING PRACTICE- 

Надю operating procedures and practices generally followed or required in communicating by radiotelegraph 
stations primarily other than in the maritime mobile services of public correspondence. (50 Questions, 
multiple choice type) 

NO. 6, ADVANCED RADIOTELEGRAPH- 

Technical, legal matters applicable to operating all classes of radiotelegraph stations including maritime mobile 
services of public correspondence, message traffic routing and accounting, radio navigational aids, etc. (100 
Questions) 

МО. 7, AIRCRAFT RADIOTELEGRAPH- 

Special endorsement on Radiotelegraph First and Second Class Operator Licenses. Theory and practica in 
operation of radio communication and navigational systems in use on aircraft. (100 Questions, multiple 
choice type; code test of 20 code groups per minute and 25 WPM plain language.) 

NO. 8, SHIP RADAR TECHNIQUES- 

Special endorsement on Radiotelegraph or Radiotelephone First or Second Class Operalor Licenses. 
Specialized theory and practice applicable to proper installation, servicing and maintenance of ship radar 
equipment in use for marine navigational purposes. (50 Questions, multiple choice type) 
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INTERNATIONAL PHONETIC ALPHABET 
To avoid errors or misunderstanding during voice communication, the new international phonetic alphabet has 


been adopted. 


Letter Мате 
Alfa 
Bravo 
Charlie 


Delta 
Echo 
Foxtrot 
Golf 
Hotel 
india 
Juliett 
Kilo 
Lima 
Mike 


ar MLA = TÛ TO IM O су ш m 


Pronunciation 


AL-fah 
BRAH-voh 
CHABR-lee 


(or SHAR-lee) 


DELL-tah 
ЕСК-оћ 
FOKS-trat 
GOLF 
HOH-tel 
IN-dee-ah 
JEW-lee-atl 
KEY -loh 
LEE-mah 
MIKE 


Leter Мате 

N November 
Oscar 
Papa 
Quebec 
Romeo 
Sierra 
Tango 
Uniform 


Victor 
Whiskey 
җ-гау 
Yankee 
Zulu 


NEKE c-umummouo 


ARRL (AMERICAN RADIO RELAY LEAGUE) WORB LIST FOR VOICE COMMUNICATION 





TRANSMISSION TRAVEL TIME 


The time required for electromagnetic energy to travel interplanetary distances is significant. Shown here are 
some typical times and distances related to the earth's position. 


Moon 
Venus 


Mars 


Jupiter 


A—Adam N—Nancy 
В—Вакег O—Olto 
C—Charlie P—Peter 
D—David O—Queen 
E—Edward A—Robert 
F—Frank S—Susan 
G-—George — T—Thomas 
Н--Непгу U—Union 
|-Џа ¥—Victor 
J—John W—William 
K—King X—X-Ray 
L—Lewis Y—Young 
М— Магу 2—<ebra 


Example: WIAW... W1 
ADAM WILLIAM... W1AW 


(overhead) 
(nearest) 
(fanhest) 
(nearest) 
(farthast) 
(nearest) 
{farthest} 


Hoe Wo HW d Of 


23.9 x 10° n mi 
224 x 10° n ml 
139.0 x 10° n mi 
42.4 x 10 nmi 
203.8 x 105 n ml 
339.8 x 10? n mi 
801.2 x 10° n mi 


1.27 sec one way 
139.00 sec one way 
859,00 sec one way 
262.00 sec one way 

1259.00 sec one way 
2099.00 sec one way 
4096.00 sec one way 


Pronunciation 


No-VEM-ber 
OSS-cah 
Pah-PAH 
Keh-BECK 
HOW-me-oh 
See-AlA-rah 
TANG-go 
YOU-nee-form 
(or OO-nee-form) 
VIK-tah 
WISS-key 
ECKS-ray 
ҮАМС-Кау 
200-09 


CLASSIFICATION OF EMISSIONS 





In accordance with Federal Communications Commission Rules and Regulations 2.201, Subpart C, the following 


system of designating emission, modulation, and transmission characteristics is employed. 


утро? 
(a) Emissions are designated according to their (4) Telephony (including sound broadensting)_.-.-.-~ 3 
Р {2} Касел је (with modulation of шай carrier either 
| classification and рат necessary bandwidth, бк? of pymdTERuencygmedüfaérü ша своји) 4 
(b) Emissions nre classified and symbolized accord- L8) Television (viepal only} ...........---------------- Б 
tog to the following characteristics, 4 ТЫ dimer eie -------- -------- в 
m un cg main eitan ultliehannel volce-fregueney telegraphz..... T 
n ales P е аы (8) Cases rot covered by the дботе, mus p 
ypeoftransmission. 

(3) Supplementary characteristics. (e) Supplementary characterlstica: 

(c) Types of modulation of main carrier: (1) Double верата un (None) 
Symbal (2) Single sldebaod : 
ӨЛ. Сат ыт» е. ee РЬ. А 1) Reduced garrier-__.-.--....——----.__----+ A 
{2} Frequeney (or Phase)_—---..-----..-.--_...-.-- F (И) Full сағнег..-----------.......-.--------. E 
(3) PIER "o AGAT ЛИТЛ Дан» 1.2.22 5 Е (UE) Suppressed carrier _.__...-.....--=—.--_- Т 
(3) Tro Independent gidebasnds... ritas ыы, B 
(d) Types of transmlasion ; {4} Veta? Wifebuni- ual .-------------------. c 
(1) Absence of any modulation intended із carry Не (5) Pulse: 

METERS eee AE 0 (1) Amplitude тодшаје _____-______--.__.---- р 
[2) Telegrapby without the use of а modulating &udlo (M) Width (or duration} modul&ted. 2. E 
іле ен .---..ҘГ-...---- nici ھک‎ — 1 {IM} Phase (or position) modulated. F 
(33 Telegraphy by the on-off keying of a modulating {iv} Code modulated......--------.---~.-..-- g 


nudio frequency or audio frequencies, or by the 
on-of keyiog of the modulated emisMon (special 




















(f) The classification of typical emissions ји tabu- 


came: AD unkeyed modulated emlasionj)----..--- 2 lated ав follows: 
Type of профил ог of Шал Туре of Lrunsmigslon Supplementary ebaractarist!es Byiuteol 
carriar 
Amplitude miulation....-.------ With na ROU BG. ce. a арадан en cee анални rr Er anna —— eR EEA Ай 
Telegraphy without the us "d Tunis se ЕПА |e aa a o .| AE 
minc pe m {һу on-off keying}. 
Telegraph by Uns on-off keying of an amplitude |........... ee и UY WES И 1 АЗ 
modu ating audio frequ ancy of audio frequen- 
cles, ог by the ono аш of the modulated | 
emission (apecial casa: an unkeped emission 
amplitude modulated), 
Telephony.......... Hunt e Cas E ca c SANG ——À Denis HOM. == „-----------------—-+--+----| КО 
| _ Bingle sideband, reduced СТГ аан | АЗА 
Bingle sidnband, mi мед currit. ..............) MAJ 
| Two dependent stat i ee АН 
Facsimils (with modulation of aln carrier either |.,................................................... Ad 
directly ог Бу a nem modu'ated subcarrier), 
Pup] Rem E нв -ешь ананна: | Ви sideband, reduced FEF e oa aes АЖА 
r4 | jr ee ee Vestigia sidaband. ыты a ыы ie ASO 
Multichannel усов еси пепсу telegraphy.......... Bingle sideband, reduced carrier...........--..- „„ АТА 
Casas not covered by ihe вота, e.g., в combina- | Two independent Баара. анааан. | ADE 
tlon af telephony and talegrapby. | | 
Frequency (or Phase) modulation. киеп) by Битке ЖЫП Weg tg without ),..................................-.г---.----.......| № 
the use ofa modulating audio frequency: ona cf 
two сатар pies belag emitted at any малі. 
TM VAS tha on-off Keying of а frequanoy |....................................... —€—M—— | ЖЕ 
modulating audio frequency or by the 00-0 
keying of в frequesoy modulated emiasion 
(special case: an unkeyed emimion, frequener 
modulated), 
"Ls opi Ne Tae, ice canino Wn mmn a a a = = EO ES M NT ete se ان‎ ті 
Facsimile by direct fraqueney modulation of “the | [poc MP pee seem ccc eens cone те at otia ыгы и ann | ТЕ 
carrier, 
eR IO as. ied wi crei V py rae RC a ie де diei gis ataca ao H 
оцу = Тв ап от lez ta mmu esumarrmamuu|--- тоник ee Sees eee жаа 
Cases not cone М by пз у ve, in whbhh ен um сл a сте E re norme 2 Fa 
main carrer Із frequency modulated, 
Pulsa прода ов. а... ~ -....| А (HS cariar without any modulntion intended |... as aa E РО 
Infortoatlon (e.g. rear). 
Telserap ү by the on-off haying ola pulsed carrier |... —— — — ee ДЕ, ММЕН ин „=== | PID 
without the ur of a nodulating audio fraquencr. 
Telegranhy by the on-off Каток of а modulating 
із frequeney or udio frequencies, or by tho 
on-off rarm of & modulated pulsed carrler 
(13peclà] ease: ап unkeyed modulate] pulsed 
earrier). Audio frequency or audio Ae aries modulating | PID 
the amplitude of the par 
Audio fraqueacy or audio fre frequencies п modulating | Pax 
the width (or duration) of t 
"зл frequency or audio frequebeies modulating PIF 
шқ dd ta ee gr of the pulses 
о осто Ta РРЧНАИН ШОРААН TRIES Ampliada modulisied тлйам..........-.-......... Pill 
Width lor duration) modulated pulses...,...-....| РЕ 
Ln Ar ee modulated pulsis... ci saa > Pur 
шы pulses (ШИТ аорте and | Pra 
Беч 
Сама по? covered by the above [In whiob the malt |................................... TEE QU 


rarriar [m pules trnodudated , 
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Action of Modu- 
Class Name Code lating Signal 


A Pulse-time РТМ "Varies some char- 
modulation acteristic of pulse 
with respect to time. 





Pulse- PPM Varies position 





position (phase) of pulse on 
modulation time base. 

Pulse- PDM Varies width of 
duration pulse [also called 
modulation РУМ, or Pulse- 


Width Modulation). 











Pulse-shape Varies shape of 
modulation pulse. 
Pulse- РЕМ Varies pulse recur- 
frequency rence frequency. 
modulation 

B Pulse- PAM Varies amplitude of 
amplitude pulse — consists of 
modulation two types: one using 


unipolar pulses, the 
other using bipolar 
pulses. 





C Pulse-code PCM Varies the makeup 
modulation оға вегіея of pulses 
and spaces. Indi- 
vidual systems аге 
classified aas follows: 
Binary-pulse and 
spaces, or positive 
and negative pulses. 
Ternary-positive 
pulses, negative 
pulses, and spaces. 
N-ary-more com- 


plex combinations of 


pulses and spaces. 
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MICROPHONE OUTPUT NOMOGRAM 


This nomogram determines the output voltages for various microphone ratings and relates this output to actual 
sound pressure levels. 

Two methods of specifying microphone levels are in general use. Acoustic input and electrical output are 
specified so that the microphone can be considered as a generator, with sound pressure input and voltage or 
power output. | 

For low-impedance microphones, output is given in decibels referenced to 1 mW for 10 dynes/cm* sound 
pressure. For high-impedance microphones, output is given in decibels referenced to 1 V for 1 dyne/cm^ sound 
pressure. (In both, output is into a resistive load equal ta the impedance of the microphone.) 

This nomogram is prepared for microphone preamplifiers with low input impedances matched to the 
microphone impedance. (Open-circuit voltage is 6 dB higher than the nomogram value.) Connecting the mi- 
crophone impedance and the decibel rating solves for the voltage across a matched load for the standard 10 
dynes/cm^ sound pressure field. By referring to the absolute sound pressure vs decibel scale, any other sound 
pressure level can be found and the decibel difference (with respect to 10 dynes/cm*) can be determined, and 
adjustments can be made in the output voltage by adding or subtracting decibels. 

For high-impedance microphones, the nomogram is used in the same way, except that the impedance is 
always considered as 40,000 ohms, and the reading will be that for a 10 dynes /cm* field. These microphones are 
usually operated into a very high impedance circuit, hence 6 dB must be added to the output voltage. (Use of this 
method results in an error of approximately 2 dB.) 
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620 


130 4 Threshold of pain 


слој Airplane: 1600 rpm, 
120 18 Н from propeller 


YE Û. | рессеп! atmosphere 


100 


Peok-rms sound with lips at 
mrerophone;riveter at 25 [1 


110 






-100 


d 


90 - Peok-rms sound pressure at 


| 
| 
| 
1 
| 
i 
1 
| 


Reference sound field 


10 


| Н fram man 5 mouth, 
conversotione! speech 
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ATTENUATOR NOMOGRAMS 


These two nomograms solve for the resistor values required for the following: T, Pi, H, ©, lattice, bridged T, 
bridged H, L, and U-type attenuators. The nomograms are based on the equations shown. The keys next to the 
nomograms show which scales must be used for a particular type of altenuator. 

FOR EXAMPLE: 

T 2,15 600 ohms апа the required attenuation is 20 dB. Design Т, H, and Pi attenuators. From nomogram 1, 
fora T type, f is 480 опт» and A, is 120 ohms. For an H type each ofthe four series arns would be 240 ohms. For 
Pi type {middle key} A, is 750 ohms and A, is 3,000 ohms. 


2. A lattice attenuator (key three, nomogram 1) that gives 20 dB of attenuation at 500 ohms requires Fi, to 
be 410 ohms and Я, to be 610 ohms. 


З. Abridged T attenuator {nomogram 2, first key) with an attenuation of 20 dB and terminal impedances of 
450 ohms has Я. as 4,000 ohms and А, as 50 ohms. 

4. Design an L-type attenuator (middle кеу, nomogram) with an attenuation of 14 dB, and an impedance 
of 50 ohms with the shunt arm at the output end. Іп this case Н, is 200 ohms and A, is 62.5 ohms. 

NOTE: In all cases the input and output impedances are the same. 


З К? - 1 K-1 
ЩЕ, в, = 2, (= | 8, =2,(К - 1) Ry =2,| 


Б 
K + 1 2K 1 out 
я, = (к=) ЕЯ в, =Z) Rs =2) 
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NOMOGRAM 1 FOR T, Pi, H, О, AND LATTICE TYPE ATTENUATORS. 
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{Reprinted from Aadio-Electronics, copyright © Gernsback Publications, Іпс., December 1953.) 
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NOMOGR AM 2 FOR BRIDGED T, H, L, ANDU TYPE ATTENUATORS. 
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TWIN-T FILTER NOMOGRAM 


Twin-T filters with symmetrical response curves are frequently used to reject specific frequencies, or they may be 
included in the negative feedback loop of a frequency-selective amplifier as the tuning element. Other component 
combinations may be used, but the one selected here has the greatest possible selectivity. With this general 
configuration, any filter exhibits infinite attenuation at the notch frequency ( f, ) which is specified by the values of 
Н апа C. If it is only desired to reject fy, then the choice of these values is arbitrary. However, if it is desired to 
design a filter with a symmetrical response curve so the dc gain is equal to that at high frequencies, that is 
accomplished when А, = V A,A, /2, and the notch frequency is determined by the expression #, = 1/4т C А. 
The nomograms are based on these two equations. Usually B, Я ‚ and A are known, and the values of R, and C, 
are to be determined. it is also possible to use chart 2 alone and select arbitrary values for A or C. if symmetrical 
response is not essential. 

FOR EXAMPLE: Design a filter with infinite attenuation at 800 Hz which is to be inserted between a 
2,000-ohm source impedance and a load resistance of 100,000 onms. From nomogram 1 determine that R 
should be 10,000 chms, and with that value determine from nomogram 2 that С. must be 0.01 LF to achieve a 
symmetrical response curve. 


Twin-T notch filter, with component values related as shown, 
yields maximum selectivity and symmetrical gain-frequency 
response. 


(Reprinted from Electronics, April 18, 1966, copyright © McGraw-Hill Inc., 1966.) 
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TWIN T-FILTER NOMOGRAM (continued from page 75). 
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(Reprinted from Electronics, April 18, 1966, copyright © McGraw-Hill, Inc., 1966.) 


/ 
NOTCH FREQUENCY fg (hertz) 





10” 


(00x103 | 


10x10? 


100 


77 


МІМІМУМ-1055 MATCHING PADS к 


This nomogram solves for the resistance values needed for an impedance matching pad having a minimum ot 
attenuation. 2 is the greater апа 2, is the lesser terminalimpedance in ohms. To use the nomogram, calculate the 
ratio of Z /Z, and connect that point on the center scale with Z ta find А, and with Z, to find А, 890 ohms also 
read on the center scale. 

FOR EXAMPLE: If 2, is 400 ohms and 2. is 500 ohms, the value of Я, must be 225 ohms and of A, 880 ohms 


for a minimum insertion loss pad that has 4.2 98 of insertion loss. 
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(Reprinted wilh permission from International Telephone and Telegraph Corporation.) 
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PREFERRED VALUES OF COMPONENTS 


Preferred numbers for nominal values of resistance, capacitance, and inductance have been adopted by the 
electronics industry. Each value differs from its predecessor by step multiples of (10) 1/16, (10) 1/12, or (10) 1/24 
resulting in incremental increase of approximately 40%, 20%, and 10% per step as shown in the table, to yield an 
orderly progression of component values of +20%, 10%, and =5%. 

Standard values outside of the range listed can be obtained by multiplying by suitable multiples of 10. (For 
example, 15 can represent 1.5, 150, 15 k, 1.5 M, etc.) 


MIL and EIA Standard for Component Values and Tolerances 


+20% +10% +5% 

iQ 10 10 
11 

12 12 

13 

15 15 15 
16 

18 18 

20 

22 22 ez 
24 

27 27 

30 

33 33 33 
3B 

39 39 

43 

47 AT 47 
51 

56 56 

62 

68 68 68 
75 

82 B2 

91 

100 100 100 
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THERMAL NOISE VOLTAGE NOMOGRAM (A) 


Given frequency, input C, and amplifier input Z, only two operations are required to find the equivalent thermal 
noise voltage. 

When an amplifier is fed from a capacitive source, the spot (one frequency) noise is generated by the real part 
of the impedance. This nomogram reduces the calculation required to arrive at the noise value. Impedance at the 
amplifier input is 

Я — jR? “С 


ac A (1) 
А? «* C* +1 
Thermal noise is generated by the real part of this expression, which is 
H 1 
DEL ZU m muet ea —— 
| Rew? С®+1 = Нисе (2) 


The mean square thermal noise voltage associated with the real part of Z is given by 


8^-4kT df (REAL 2) (3) 
For this case 
df — 1 (spot frequency] 
7=26°C 
Combining (2) and (3) 
2 = p  ——— 4 
a° = AKT df 5 (4) 
Equation (4) forms the basis for the nomogram, Nomogram of equivalent spot thermal noise voltage of the parallel 
combination of a capacitor and an amplifier input resistance. 
Using the nomogram: 


. Choose f, C, апа A (in the example f = 10 kHz, C = 0.001 LF, and Я = 1 M ohm). 

. Draw a line between the chosen f and C. 

. Mark its intersection on the reference line. 

. Draw a line from the marked point on the reference scale to the chosen Я. 

. The intersection of this line with the @“scale is the desired equivalent thermal noise voltage in dB re 1 V. 
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THERMAL NOISE VOLTAGE NOMOGRAM (В) = a F. 
Thermally produced noise voltage of any linear conductor is determined by Nyquist's equation 


F=2V RIB 
where Е = noise voltage in rms microvolts T = absolute temperature (° К) 
k = Boltzmann's constant, 1.38 x 107 J/K B = bandwidth in hertz 


Я — resistance 
This nomogram solves the above equation if any three of the four variables are given. 

FOR EXAMPLE: An amplifier has a voltage gain of 1,000, and input resistance of 470,000 ohms, and a 
bandwidth of 2 KHz. Find the output noise level due to the input resistance if the amplifier is operated at an ambient 
temperature of 100°C. 

Connect 100°C (T scale) with 470 К {А scale) and note intersect point on turning scale. Connect that point 
with 2 kHz (B scale) and read noise voltage as 4.4 им on E scale. The amplifier has a gain of 1,000; thus, the 
outside noise of the amplifier due to the input resistance is 4.4 mV. 
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SINGLE-LAYER COIL DESIGN NOMOGRAM (A) | | 
This nomogram is based on the formula for the inductance of a single-layer coil 


МЕ 
ш г = x adi. - = т 
where L = inductance in microhenries ww d 


а = coil radius in inches Р == | 
b = coii length in inches 
№ = number of turns 


FOR EXAMPLE: (1). Find the inductance of a 100-turn coil with a diameter of 2 in. and a winding length of 0.8 
in. Find K (diameter /length) 2/0.8 to be 2.5. Connecting 2.5 on the K scale to 100 on the N scale intersects the 
turning axis at 3.8. Now connect 3.8 with 2 on the D scale, and read the inductance as 600 LH, (2) Determine the 
number of turns required for a 290-иН coil in. long with a diameter of 2.5 in. Kis equal to 0.8. Connect 290 on the 
L scale with 2.5 on the D scale, and read 4.6 on the turning axis. Connecting 4.6 and 0.8 on the K scale gives the 
answer as 90 turns on the N scale. 
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SINGLE-LAYER COIL DESIGN NOMOGRAM (B) " 


This nomogram solves for the number of close-wound tums required to achieve inductances in the range of values 
required for television, fm, and radar if transformers. The nomogram is based on a slight modification of H.A. 
Wheeler's inductance formula that was used to construct nomogram A. The formula used here (with all dimen- 
sions in inches) is 


| ~ a*N* 
8.85а + 10b 


FOR EXAMPLE: Ten turns of number 30 AWG enameled wire closewound on a 0.25-inch diameter coil form 
will produce an inductance of 0.7 #H. 
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Reprinted from Electronics, June, 1953, copyright © McGraw-Hill, Inc., 1953.) 
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INDUCTANCE OF STRAIGHT, ROUND WIRE AT HIGH FREQUENCIES 


cs ағы کک ا‎ US PELLI Hi e Al c ua le 10—44. 1251-65 e  _ ا‎ —— 
Above several megahertz the inductance of relatively short lengths of wire becomes important because of the 
effect on circuit performance. The chart shows the relationship between diameter, wire length, and inductance for 
various diameters. A more precise tabulation is also shown for short lengths of commonly used wire sizes. 

FOR EXAMPLE: A straight piece of wire 4 in. long with a diameter of 25 mil has an inductance of 0.2 ИН. At a 
frequency of 80 MHz, this represents an inductive reactance of about 100 ohms. 
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BASIC SINGLE WIRE INDUCTANCE FORMULA: 
|. = s.o8£ (1141 1) 


WIRE LENGTH (INCHES) 


WHERE: L=INDUCTANCE IN NANOHENRYS 
f = LEAD LENGTH IN INCHES 
dz LEAD DIAMETER IN INCHES 
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INDUCTANCE OF SINGLE WIRE AT HIGH FREQUENCIES 
INDUCTANCE (дн) 
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(Fram Radio Engineers’ Handbook by Frederick E. Terman. Copyright © 1943 by McGraw-Hill Book Company. Used with 
permission of McGraw-Hill Book Company.) 
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TRANSFORMER IMPEDANCE NOMOGRAM | | э _` 
Tapped transformers provide standard impedances between the various taps and the common terminal. if a 
nonstandard impedance is required, it can often be found between the taps. This nomogram determines the 
impedance between terminals В and C if the impedance from Ato B and Ato C are known, and itis based on the 
following formula 


Z „(уто vi 


(‘eo (А С) (А-В) 


FOR EXAMPLE: Ifthe impedance from Ato Bis 15 ohms, and the impedance from Ato Cis 250 ohms, then 
the impedance from B to C is = 145 ohms. 


| " 2 
Derived from 2, o = га fon с) 4) 
t4 8) 
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ENERGY STORAGE NOMOGRAM | : "x 
The nomogram relates capacitance, charging voltage, and stored energy in a capacitor in accordance with the 


formula 
CV? 
2 


“ог МУ = 


where J ог W = energy іп joules ог watt-seconds 
C = capacitance in microfarad 
V = charging voltage 


FOR EXAMPLE: The energy stored іп a 525-2F capacitor charged to 450 V is 53 W-sec or joules. 
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POWER-FACTOR CORRECTION č 


Power factor is the ratio (usually given in percent) of the actual power used in a circuit to the power apparently 
drawn from the line. 





aciual power 
PF 





|| 


apparent power 


А low power factor is undesirable, and it can be raised by the addition of power-factor correction capacitors 
which are rated in KVAR (Kilovolt-ampere reactive). To determine the КУАН of the capacitors needed to correct 
from an existing to a higher power factor, multiply the proper value in the table by the average power consumption 
on kilowatts, of the load. 

FOR EXAMPLE: Find the kVAR of capacitors that is required to raise the power factor of a 500-kW load from 
70% to 85%, 

From the table select the multiplying factor 0.400 which corresponds to the existing 70% and required 85% 
power factor. Multiplying 0.400 by 500 shows that 200 КУАН of capacitors are required. 


Existing 
Power Corrected Power Factor 
Factor X | 

% 100% 
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POWER-FACTOR МОМООНАМ | | 
The power factor (cos ф) of a series RL or a parallel НС network is given by the following formulas 





H 
Р.Р. (inductive) = — 


v Rz + (21) ' 


| 


VET 


P.F. (capacitive) 


To use the nomogram connect frequency with the desired value of Lor C and note the intersect point on the 
turning scale. Using this intersect point, connect to the resistance, and by extending this line, read power factor 
and phase angle. 

FOR EXAMPLE: 

1. A 1-H inductance in series with 100 ohms is connected to а 60-Hz source. tn this case ф is 75° and cos ф 
= 0.26. 

2. Aninverter operating at 2 kHz is used to supply a 100-ohm load which is in parallel with a capacitance o1 
0.047 uF. In this case ф is 3.5? and cos ф = 0.998. 
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kVAR-CAPACITY NOMOGRAM FOR BO-Hz SYSTEMS 
This nomogram is based on the formula 
_ ФЕТ CE? 


kVAR 
10? 


where C is in microfarad E in volts, and fis 60 Hz. 
FOR EXAMPLE: To provide 5 kVAR at 460 V requires 62 pF. 


CAPACITY 
{pF} 
490 


300 — 


EXAMPLE: 
kV AR 
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SELF-RESONANT FREQUENCY OF PARALLEL LEAD CAPACITORS 


The curves show the approximate self-resonant frequency of capacitors with various lead lengths. They apply to 
parallel lead wires of equal length #20 to #24 AWG, spaced no further than 0.375 in. арап. 

FOR EXAMPLE: A 1,000-pF capacitor with 2-in. leads resonates at about 18 MHz. The same capacitor with 
0.2-in. leads will resonate at 60 MHz. 
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REACTANCE NOMOGRAMS 


The set of three nomograms on the following pages covers the frequency range of 1 Hz to 1,000 MHz in three 
ranges which give direct answers without the need for additional calculations to locate the decimal point. These 
nomograms may be used to find capacitive reactance, inductive reactance, as well as resonant frequency (А, = 
Х.) of any combination of inductance and capacitance. 


FOR EXAMPLE: 
1. The reactance of a 10-mH inductor at 10-kHz is 630 ohms. 
2. The reactance of a 3-pF capacitor at 5 MHz is 10,500 ohms. 
З. А 5-uF capacitor and a 1.4-H inductance resonante at 60 Hz. 
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RF PENETRATION (SKIN RESISTANCE) ОР VARIOUS MATERIALS 


At very high frequencies current travels close to the outer surface of the conductor апа. eddy current losses 
increase beneath the surface. This effect is called "skin resistance" or “f resistance." This chart shows the 
minimum required conductor depth related with frequency. The depth varies with the resistivity of the material 
and is least for silver. Therefore, a silver plating is frequently applied to conductors that are used at high 
frequencies so as to reduce the skin resistance. 

FOR EXAMPLE: At 200 MHz a minimum thickness of 0.81 mils of cadmium is required, whereas only 0.18 
mils of silver are needed at the same frequency. 
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IMPEDANCE DF SERIES-CONNECTED AND PARALLEL-CONNECTED COMBINATIONS OF L, C, AND R 


Circuit Series combination Impedance Magnitude of impedance Phase angle | Adminance 9 
dr» we 4 е. айй я $ = tan”! (К/А) УЕ 
өрлі T UNE mhos | 
س‎ | | 
1R 


ЫМ, — Шш а + м = 2м) uL, + Lic 2M) | ЕТЕТ + лр d - 2M) 


EIE Wee) С, 
CC; iC, 











wR + jw 
wir + 1 


R اسا‎ — іс) 
+ Cw. = L/w)! 


ҺХадтигыйе of impedance Phase angle 
Z| = VRP + x | += ал (Хл) 


w'L'R + ful 


aif? J + ЖТ 


R овас 

1+ RC? 
p “b 

Ғғ? ole 


ee = М" unt _ | ff, + LiF 2M 
Е Y 2A uu LL, ~ M’ 





99 


FREQUENCY CHARACTERISTICS OF RESISTORS, CAPACITORS, AND INDUCTORS 


Tabulated here are the effects when potentials of increasing frequency are applied to resistors, capacitors, 


and inductors. 
As the frequency increases from dc to above resonance, the effective "look" of the component changes as 


shown. 


DC AND HIGH FREQ. AT ABOVE 
LOW FREQ. BELOW SELF-RESOMANCE SELF-RESONANCE SELF-RESONANCE 
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RESISTANCE-VOLTAGE-CURRENT-POWER NOMOGRAM 


This nomogram is based on Ohm's law, and one straight line will determine two unknown parameters if two others 
are given. Preferred (=20%)} resistance values are marked in addition to the ordinary resistance scale divisions. 
The power scale is calibrated in watts and dBm with a reference level of O dBm = 1 mW into 600 ohms. This, direct 
conversion between dBm and watts can be made. To cover a wide range of values and yet maintain accuracy, a 
dual numbering system is used. To avoid confusion, all members should be read from either the regular or the 
gray-barred scales. 

FOR EXAMPLE: 


1. The current through a 150-k resistor with a potential drop of 300 V is 2 mA, and the power dissipated is 
600 mW or 0.6 W. 

2. When a 12,000-ohm resistor has a current of 6 mA through it, the power dissipated is 0.43 W and the 
voltage across the resistor is 72 V. 

3. The voltage across a 4.7 M ohm resistor with a signal level of - 30 dBm is about 2.15 V rms. 

4. The maximum allowable current through a 10 W 200-ohm resistor is 0.22 A. Under these operating 


conditions there will be 45 V across the resistor. 
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VOLTAGE DIVIDER NOMOGRAM 


This nomogram aids in the rapid selection of component values for the simple resistive and capacitive voltage 
dividers illustrated, where 


9. " ө. С, + С, 
е, 


A +R e C 
g 5 





Only two decades are covered on the left and right scale to achieve maximum accuracy. The range of the 
nomogram can be extended by multiplying these two columns by the same power of ten without making any 
changes in the center column. 
FOR EXAMPLE: 
1. A blocking oscillator must be held at cutoff by means of a voltage divider between B- and ground. Cut-off 
bias is - 15 V, the negative supply is 150 V, and the grid-to-ground resistor is 22,000 ohms. Thus, e /e.is 0.1. 
Joining that value with 2.2 on the Я. scale gives 20 on the А, scale, which makes that resistor equal to 200,000 
ohms since each scale had to be multiplied by 10^. 
2. Design an f probe with a 5:1 attenuator using standard capacitance values. Rotating about the 0.2 point 
on the center scale gives typical values of 30 pF for C and 7,5 pF for С. 
NOTE: The longer lines outside the left and right columns locate standard +10% values and the shorter lines 
locate standard +5% values. 
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NOMOGRAM FOR CAPACITIVELY COUPLED CIRCUITS _ 


It is often necessary to know the portion of the input voltage that will appear across the load resistor in a 
capacitively coupled circuit, This is a function of frequency and a factor of the ratio of A to Х the required ratio is 
shown оп the center scale. Itis interesting to note that any ratio of Ato X greater than 7.4:1 yields over 99% output. 
The Х and Н scales can be multiplied by any common power of ten to extend the range of the nomogram. 


FOR EXAMPLE: For A = 100 k and X = 10 К, V, will be 99.4% of М. 
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(From Electronics and Communications, June, 1966.) 
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Л | D _ — M" 
This nomogram is used to calculate phase shift and attenuation in R-C coupling networks. To use, connect 
capacitance with frequency and note the intersect point on the turning scale. Using this intersect point, connect to 
the resistance, and by extending this line, read attenuation and phase shift. 

FOR EXAMPLE: At 60 Hz, а 0.01-4F capacitor and 10,000-ohm resistor will exhibit a phase shift of 72° and 
an attenuation factor of 0.35. 
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(From Electronics and Communications, June, 1952, 
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SQUARE WAVE RESPONSE OF AMPLIFIERS Ба ғ 
This table illustrates how performance characteristics of an amplifier сап be determined by observing the 


waveform of the output, when the input 15 а square wave. 
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LOW-END AMPLIFIER RESPONSE _ 


In an RC-coupled amplifier, the coupling capacitanca (С), combines with the output load (А ), to form a potential 
divider or filter. 
The response curve of this combination usuaily is specified in terms ofthe relative gain — 3 dB point which can 
be calculated from the equation: 
e 1 
а ЕЕ pun ووو‎ 
e 441 
(ar fT 
where 7 = RC and 0.708 is used to calculate the 3 dB point. 
The accompanying nomogram relates the parameters A, C or f зав’ Given any two, the third term can be 
determined by a simple straight-line alignment. 
EXAMPLE: With a load of 10 k, what capacitance will give a low cutoff frequency of 20 Hz? 
The alignment shows that a capacitor of 0.8 LF will yield the desired high-pass characteristic. 
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TIME-CONSTANT NOMOGRAM (A) 


This nomogram is based on the formula T — AC where Г (the time constant) is the time required. for the capacitor in 
an RC series circuit to reach 63.2% of the applied voltage. nd 

FOR EXAMPLE: The time constant of 10 msec сап be achieved with a 1-M ohm resistor and a 0.01- F 
capacitor. 
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TIME-CONSTANT NOMOGRAM (B) 


This chart is used to determine the time required in an RC series circuit to reach a given fraction of an applied step 
. input, or to determine the percent of the applied input when the time constant is given. 
The nomogram is based on the relationship. 


E 


out 
= 4. gt 





in 


FOR EXAMPLE: Determine the time required to charge a 50-4 F capacitor to 400 V through 1,000 ohms from 
a 450 V supply. The percent of applied voltage is 88.5% (400 /450) which requires 2.2 time constants. The time 
constant is 50 ms (from time-constant nomogram A), so the time required to charge to 400 V is 110 ms. 
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TIME CONSTANTS 
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FREQUENCY SELECTIVE NETWORK NOMOGRAM | 
The expression f = 1/27 AC, where f is іп hertz, C and Я in ohms, is the expression for: 


1. The 3-dB bandwidth of a single tuned circuit having parameters as shown in Figure 1. 

2. The frequency at 3 dB relative attenuation of the parallel RC low-pass network shown in Figure 2. 
3. The frequency at 3 dB relative transfer attenuation of the series RC high-pass network of Figure 3. 
4. Wien bridge balance. 


FOR EXAMPLE: 


1. The circuit shown in Figure 1 is used to couple two successive stages of an amplifier. The 3-dB 
bandwidth of the circuit must be 3.4 MHz and the equivalent shunt capacitance of the circuit is 25 pF. What 
equivalent resonant resistance will the circuit exhibit? Connect 3.4 MHz and 25 pF and find the equivalent 
resonant resistance as 1,850 ohms. 

2. The low-pass network of Figure 2 uses a 0.05-ыР capacitor. What value of resistance is required for the 
output to drop to 0.707 of the input at 5 kHz? Connect 0.05-uF with 5 kHz and read answer as 620 ohms. 





Figure З. Transfer characteristics of an RC high-pass nebwork. 
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3. ИВ required that the RC high-pass network in Figure З attenuate rapidly below 300 Hz. What value 
resistor must be used with a 0.1-4F capacitor? Connect 0.1-дР with 300 Hz (0.3 kHz) and read answer as 5,250 
ohms. 

4. Figure 4 shows an AC coupled amplifier and its equivalent circuits. It is assumed that the reactance of 
the bypass capacitors is negligible throughout the frequency range of the amplifier. If the equivalent circuit 
resistance has a value of 1,300 ohms and the equivalent capacitance is 25 pF, at what frequency is the 
amplification 0.707 of the midfrequency range of the amplifier? Connect 25 pF and 1,300 ohms and read 
frequency of 4.75 MHz at which amplifier gain is down 3 dB. 

5. The Wien bridge circuit shown in Figure 5 has Я, and А, equal о 10,000 ohms and C, and ©, equal to 
0.1-АҒ. With those values the balance frequency of the circuit is 1.59 KHz. 


В, = В, = В 
C, =0 =C 
Н, 

= = 


A 


For the measurement of frequency, the unknown frequency is connected across A and B and a null detector, 
across C and D. 
When used with an oscillator, the circuit is connected to a suitable amplifier with regenerative feedback. 


Cyr BY PASS CAPACITOR 
С] = INPUT CAPAUITY OF М2 
Ср: OUTPUT CAPACITY OF Vy 


С; = OTHER CIRCUIT CAPACITY 
INCLUDING STRAY CAPACITIES, 


AP: PLATE RESISTANGE OF V, 


С 


"ж 
1 


Ch 


CIRCUIT ACTUAL AMPLIFIER, 





Figure 5, Conventional Wien 
Cp * Со + С; | bridge circuit. 

PARALLEL COMBINATION 

OF ap, Ry AND Вс. 


EQUIVALENT CIRCUIT AT HIGH FREQUENCIES 
(сс ASSUMED ТО HAYE NEGLIGIBLE REACTANGE ) 


EQUIVALENT CIRCUIT AT MID BAND FREQUENCIES EQUIVALENT CIRCUIT АТ 
(Cc ASSUMED TO HAVE NEGLIGIBLE REACTANCE } LOW FREQUENCIES 





Figure 4. An RC-coupled amplifier and its equivalent circuits. 
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GIRCUIT DIAGRAM OF 
ACTUAL AMPLIFIERS 


HIGH FREQUENCY 
EQUIVALENT 


MID FREQUENCY 
EQUIVALENT 


LOW FREQUENCY 
EQUIVALENT 





Figure 4. Circuit Diagram of N-Channel JFET Transistor Amplifer. (Continued from page 111.) 
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BANDWIDTH NOMOGRAM | Эт 
This nomogram is used to compute the bandwidth of a tuned circuit at 70.7% (—3 dB) of maximum gain. It is based 
on the equation 


о [уз 


where 


Af = bandwidth in kiloheriz 
f = resonant frequency in megahertz 
О = figure of merit of the inductance 


FOR EXAMPLE: 

1. A circuit that has a resonant frequency of 6 MHz, and uses an inductance with a Q of 140, will have а 
bandwidih of 43 kHz. NOTE: The range of the nomogram can be extended Io cover other frequencies by 
multiplying or dividing both frequency scales by the same power of 10. 

2. To achieve a bandwidth of 2.5 kHz at a resonant frequency of 600 kHz the inductance must have a Q of 


240. 
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PASSIVE LC FILTER DESIGN _ 


Previous editions of the Electronic Databook used nomograms to determine the component values of image 
parameter lowpass and highpass filters. This edition provides computer-calculated tabulations of modern filter 
designs that are based on network synthesis. These modern designs are more versatile, less complicated and 
easier to build than the old image parameter designs. For example, to simplify construction, the tabulated modern 
filler designs require fewer components than comparable image parameter designs, and all (or most) of the 
capacitor values of the modem filter designs are standard values. 

Most filtering applications do not require a precisely defined cutoff frequency, and as long as the actual cutoff 
frequency is within about ме percent ofthe desired cutoff frequency, and the passband and stopband attenuation 
levels are satisfactory, the design will be acceptable. Of almost equal importance is finding a design that has the 
minimum number of components and that requires standard-value capacitors to simplify the ordering of parts and 
the assembly of the filter. Standard values for the inductors is less important because the inductors are usually 
hand-wound or ordered to specification from inductor manufacturers. 

Each filter table provides many designs over one frequency decade in which the change in cutoff frequency 
from one design to the next is sufficiently small so that virtually any cutoff requirement can be satisfied within a few 
percent. The 50-ohm impedance level for source and load was used for most of the tabulations because this 
impedance termination is most frequently needed by the electronics engineer. Ali component values and 
frequencies versus selected stopband attenuation levels have been computer-calculated foreach design for the 
convenience of the user. Although the tabulated designs are only for the equally terminated condition at the listed 
impedance level and frequency decade, a simple scaling procedure allows the tables to be scaled to any equally 
terminated impedance level and any frequency decade, while keeping the important advantage of all designs 
requiring only standard-value capacitors, These pre-calculated filter tables are therefore universally applicable 
because they can be used to select a suitable design having standard-value capacitors for any impedance level 
or any cutoi frequency. 

Only the passive LC filter was considered fortabulation because this filtertype is capable of passing rf power, 
whereas the active filter is not. Also, the passive filter does not require a power supply, and it usually is easier to 
assemble in small quantities than the active filter. 


Filter Types and Responses 


Only the lowpass and highpass filter types having the Chebyshev or elliptic attenuation responses are considered. 
For design information on other filter types (bandpass, bandstop, etc.), and responses (Butterworth, Bessel, etc.), 
see References 13-18. Only the 5th- and 7th-degree Chebyshev designs (5 and 7 elements each, respectively) 
andthe 5th-degree elliptic design are included in the tables because these designs are suitabie for almost all of the 
non-stringent filtering requirements encountered by the non-professional filter designer. 

The Chebyshev attenuation response is characterized by attenuation ripples in the passband and a con- 
stantly (monotonic) increasing attenuation in the stopband. The level of maximum passband ripple (А) is directly 
related to the filter reflection coefficient (RC) and VSWR (see Appendix A), and these parameters can be 
increased or decreased to get a corresponding increase or decrease in the rate of attenuation rise in the filter 
stopband in the vicinity of the filter cutoff frequency. 

The elliptic attenuation response is characterized by attenuation ripple in the passband, attenuation peaks in 
the stopband, and a specific level of minimum stopband atlenuation. The presence of the two resonant circuits in 
the elliptic filter configuration results in a more abrupt rise in attenuation than is possible with the Chebyshev 


configuration. 








= 


The computer programming required for the Chebyshev and alliptic filter design tabulations was prepared by Mike Barge 
under the direction of Ed Wetherhold. The tables are made available for publication through the courtesy of the Signal Analysis 
Center of Honeywell inc., Annapolis, MD. 
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Filter Tables 
Lowpass and highpass filter designs are listed in ten tables, with eight tables based on a 50 ohm impedance level, 
and two tables (5B and 8B) based on 600 ohms. The schematic diagram and a typical attenuation response of 
each tabulated filter appears at the head of each table, except Tables 5B and 8B, where the only difference Is the 
impedance level. The component designations in the schematic diagram and the frequency designations (Р, ҒЗ, 
F20 and F50)in the attenuation response diagram correspond to similar designations in the table column headings. 
Allhough there is passband ripple in all these designs, the amplitude of the ripple is so small that it is usually 
swamped out by the losses of the filter components. Consequently, when the completed design is measured, the 
passband response appears to be flat. For this reason, the passband in the response diagrams is shown flat. 
The filter reflection coefficient (RC) provides an indication of the flatness of the passband and the VSWR of 
the filter. For rf filtering applications where low VSWR is desired, designs with low reflection coefficients are 
preferred. For audio filtering applications, where a faster rise of attenuation is more important than minimizing 
VSWR, designs having high RC values are preferred. 


Lowpass Filters 


Chebyshev Designs and Applications. Tables 1 through 4 list 5- and 7-element Chebyshev lowpass designs. Use the 
5-element designs when about 30 dB of attenuation is needed at one octave above the cutoff frequency, and the 
filter component count must be minimized. Use the 7-element designs when about 42 dB of attenuation is needed 
at one octave above the cutoff frequency. A typical application for these filters is to reduce the harmonic output of 
transistor amplifiers. Normally, the capacitive input/output configurations shown in Figures 1 and 3 are preferred 
to the alternative inductive input/output configurations in Figures 2 and 4 to minimize the number of inductors. 
Inductors are usually more bulky, more expensive and have higher losses than capacitors. Both filter types have 
identical attenuation responses, but the filter input impedances in the stopbands are markedly different. For the 
inductive input filter, the input impedance staris increasing between the 3 and 15-dB attenuation level, and 
continues increasing with increasing stopband frequency. The reverse is true for the capacitive input filter. Under 
certain conditions, transistor rf amplifiers may become unstable when looking into a decreasing or increasing 
reactive impedance (see Bibliography, Nos. 8 & 15). Because of this, it is necessary that the rf filter designer be 
able to design lowpass filters having either capacitive or inductive input elements. 

Elliptic Designs and Applications. Tables 5А and 5B list 5th-degree elliptic lowpass designs for 50 and 600 ohms, 
respectively. This type of filter is preferred where a more abrupt rise in attenuation is desired. This type is also 
useful because the attenuation peaks at F4 and F2 sometimes can be placed at the second and third harmonic 
frequencies of a constant-frequency rf amplifier to provide more than 60 dB attenuation to the harmonics. 

In this filter type, only capacitors C1, C3 and C5 are standard value. The fact that C2 and C4 are not standard 
values is not important because these capacitors should be tuned to precisely resonate L2 and L4 at F2 and F4. 
This is necessary if the minimum stopband attenuation level (А) isto be achieved throughout the entire stopband. 
A slight variation in the values of C2, L2 and C4, L4 is not important as long as the F2 and F4 frequencies are as 
close as possible to the tabulated frequencies, 

Table 58 is provided for audio filtering applications where this impedance levei is very common. This table 
also serves to provide 600-ohm designs that can be used to confirm the correctness of the impedance scaling 
procedure to be explained later. 


Highpass Filters 

Chebyshev Designs and Applications. Tables 6 and 7 list 5- and 7-element Chebyshev highpass filter designs, but 
unlike the lowpass designs only the capacitive input/output configuration is considered. This is because they are 
very few applications for the alternate L-input/output configuration. The C-input/output configuration has the 
important advantage of increasing input impedance with decreasing frequency. This configuration is therefore 
suitable as an isolation network between a signal source and a detection system being used to examine the 
harmonies of the signal source fundamental. The highpass filter passes the harmonic frequencies unattenuated, 
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but provides considerable attenuation to the fundamental signal. Also, the high input impedance of the filter will 
not cause excessive loading of the generator. This is not true for the alternate inductive input filter, 


Elliptic Designs and Applications. Tables 8A and BB list the 5th-degree elliptic highpass designs for 50 and 
600 ohms, respectively. This type filter is preferred where a more abrupt increase in attenuation is desired as 
compared to the Chebyshev filter. The comments concerning the elliptic lowpass design relative to C1, СЗ and 
C5 being standard values and the importance oftuning C2 and C4 to F2 and F4 are equally applicable here. The 
concluding comments about the elliptic 600-ohm lowpass filter are equally applicable to the highpass filter. 


How to Use the Precalculated Design Tables 


For 50-Ohm Impedance Levels. Before selecting a suitable filter design, the reader must know or be able to specify 
the important parameters of the filter, such as type (highpass or lowpass), cutoff frequency, impedance level, and 
an approximation of the required stopband attenuation. It is obvious as to which tables to use for lowpass or 
highpass applications, but itis not so obvious as to which one design of the many possible choices is optimum for 
the intended application. Generally, the Chebyshev is preferred over the elliptic because the Chebyshev does not 
require tuning of the inductors; however, ifthe gradual rise in attenuation of the Chebyshev is not satisfactory, then 
the elliptic should be considered. For audio frequency filtering, the elliptic designs with high values of RC are 
preferred because they have a much more abrupt rise in attenuation as compared to the Chebyshev. For rf 
applications, RC values less than 8% are recommended to minimize VSWR. Low VSWH is also important when 
cascading high and lowpass designs to achieve a bandpass response of more than two octaves wide. Each filter 
will operate as expected if it is correctly terminated, but this condition will exist only if both designs have the 
relatively constant terminal impedance that is associated with low values of RC. 

Knowing the filter type and the response needed, the table of designs most appropriate for the application is 
selected on a trial basis. Find the table and search the cutoff frequency column for a cutoff frequency nearest the 
desired cutoff frequency. After finding a possible design, examine the stopband attenuation levels to see if they 
are satisfactory. Then check the RC value to see if it is appropriate for the application. Finally, check the 
component values to see if they are convenient. Usually, it is easier to obtain capacitors with the ten-percent 
tolerance than the five-percent value. For example, in the audio frequency range, the capacitor values will 
probably be in the microfarad range, and capacitors in this size are available only in the ten-percent tolerance 
group. 

Because all the important parameters of each design are listed, it is possible to quickly check many designs 
so the most suitable design сап be selected. After the final choice has been made, interconnect the components іп 
accordance with the schematic diagram above the table headings. Use good engineering practices in assembling 
the filter components as explained іп listing number 12 of the bibliography. 

For Impedance Levels Other Than 50 Ohms. All tabulated designs are easily scaled to impedance levels other 
than 50 ohms while maintaining the advantage of standard-value capacitors. If the impedance level differs from 
fifty ohms by a factor equal to an integral power of ten (such as ,01, .1, 10 or 100), the design tables can be scaled 
by inspection (by shifting the decimal points of the component values). The tabulated trequency, A. and RC values 
remain unchanged. For example, if the 50-ohm impedance level is raised by a factor of ten to 500 ohms, the new 
capacitance and inductance values are found by multiplying the tabulated inductance values by ten, and by 
dividing the capacitor values by ten. This means that the decimal points of the inductor values are shifted one 
place to the right, and the decimal points of the capacitor values are shifted one place to the left. The reverse is true 
if the impedance level is reduced from 50 to 5 ohms. For example, the Impedance level of Design #1, Table 1, can 
be increased to 500 ohms by shifting the decimal points of L2 and L4 one place to the right (to become 107.3 ан), 
and by shifting the decimal points of the capacitance values one place to the left (to become 300 pF and 560 pF). 

To change the tabulated frequency decades to another frequency decade differing by a factor equal to an 
integral power of ten, muitiply all tabulated frequencies by the factor, and divide all capacitance and inductance 
values by the same factor. For example, the frequency decade of Table 1 can be reduced from 1-10 MHz to 1-10 
kHz by multiplying all frequencies by .001 (the frequency units in the column headings become kHz), and by 
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dividing the capacitance and inductance values by the same factor. (The units of capacitance and inductance 
become nanofarads and millihenries.) 

Fitter designs with standard-value capacitors may be found for impedance levels that differ from 50 ohms by a 
factor equal to a non-integral power of ten (such as 1.2, 12, etc.). To do this, use the following procedure: 


1. Calculate the scaled impedance factor, А = Z /50 where Z is the desired new impedance levelin ohms. 
2. Calculate the cutoff frequency of a "trial" 50-ohm filter using the equation: К, = R*F, where Е, 
is the desired cutoff frequency of the filter а the new impedance level. Fi > т 
3. From the 50-ohm tables, select a design having its cutoff frequency closest to the calculated F.a value. 
со 


The tabulated capacitor values will be used directly, and the frequencies and inductance values will be scaled. 
4, Calculate the exact values of F, =F, /R, where P is the tabulated cutoff frequency. In a similar 
со 


eo 20 
manner, calculate ail the other frequencies. 
5. Calculate the new inductance values for the new filter from = RL., where Lo is the tabulated 
inductance value of the trial filter design, and ы is the inductance value of the scaled filter. 


An example follows showing how the 50-ohm design #3 of Table 5A can be replaced with a 60-ohm design 
having a similar cutoff frequency and other similar characteristics. Using the same previously numbered steps: 


1. В = 60/50 = 1.2 
2. Е) = 1.2(1.06 MHz) = 1.272 MHz 


cc 


3. From Table 5A, design #15 has a cutoff frequency closest to the calculated F,, value. The A and AC 


Ес 
values are similar to design #3. Design #28 is also suitable as a replacement. The tabulated capacitor values of 
design #15 are copied directly. Thus, C1, 3, 5, 2 and 4 = 2,200, 3,900, 1,800, 271 and 779 pF, respectively. 
4. The exact values of F XX andF, NUS calculated, and are equal to: 1.27 MHz/1.2 = 1.058 MHz, 1.45 


МН2/1.2 = 1.208 MHz and 2. 17 MHZ /1. 2 = = 1.808 MHz. 

5. The L2 and L4 inductance values of the 60 ohm filter are calculated: L2. = (1.23**7.85 ин = 11.3 АН, 
LS = А, 2)°*6.39 uH = Н = 8.20 ин. The validity of the scaling procedure can be confirmed by scaling the new 
60-ohm filter to an impedance level of 600 ohms, and scaling the frequency from 1 MHz to 1 kHz, and then 
comparing the 600-ohm, 1 kHz filter with design #5 of Table 5B. All parameters of the designs will be identical, 
thus confirming the correctness of the scaling procedure. 

The validity of the pre-calculated tables may be confirmed by independently calculating the component 
values using previously published normalized tables from authoritative sources such as References 8-10 and 13. 
This is done by finding a tabulated pre-calculated design that has a reflection coefficient nearly identical to that of a 
published normalized design. For example, design #80, Table 3 is suitable to match a 10% RC Сһебувһеу 
design. The pre-calculated impedance level and the cutoff frequency are then used with the normalized values, 
and the inductance and capacitance component values are calculated in the usual manner, Because the 
pre-calculated tabulated values agree within less than 1% variation with the independently calculated values, the 
correctness of the tables is confirmed. 


APPENDIX À 





Equations and Table Relating RC, А, and VSWR for all Modern Design Filters 


ВС, = 100*SQR [1 ~ (0.142) 

where 100«5ОН = 100 times the square root of... (1) 
х=0.1 (А) 
+ = symbol for exponentiation 
* = symbol for multiplication 
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A == 43429*LOG[1 — (.01*RO)f2] (2) 


p 
(48) 
VSWR = [1 + (.07«RC)] Д1 — (.01«RC] (3) 
where A, = Maximum passband ripple amplitude in dB 


| 


НС Reflection coefficient in percent 
VSWR = Voltage standing wave ratio 


Equations 1-3 are presented in a format suitable for computer programming. The LOG function in Eq. (2) is 
based on the natural log. 


Table 1. Reflection Coefficient with Corresponding Values of ^ and V5WR. 


REFLECTION MAX. RIPPLE | REFLECTION MAX. RIPPLE 
COEFFICIENT AMPLITUDE ! COEFFICIENT AMPLITUDE 
(%) (dB) | (%) (dB) 


1.0 0.000434 12.0 0.0630 
2,0 0.001738 j 14.0 0.0860 
3.0 0.003910 16.0 0.1126 
4.0 0.006954 ; 18.0 0.1430 
5.0 0.010871 | 20.0 0.1773 
6.0 0.015663 : 22.0 0.2155 
7.0 0.021333 3 24.0 0.2576 
8.0 0.027884 26.0 0.3040 
9.0 0.035321 | 28.0 0.3546 
10.0 0.043648 30.0 0.4096 
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Figure 1. Lowpass filter schemetic diagram and attenuation response, capacitive input and output. 


Table 1. 50-0һт 5-Element Chebyshev Lowpass Filter Designs Using Standard-Value Capacitors, Capacitive Input and Output. 
(Continued on page 124.) 
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Table 1. 50-Ohm 5Element Chebyshev Lowpass Filter designs 
Using Standard-Value Capacitors, Capacitive Input and Output. (Continued from Page 123.) 
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Figure 2. Lowpass filter schematic diagram and attenuation response, inductive input and output. 


Table 2, 50-Ohm 5-Element Chebyshev Lowpass Filter Designs Using Standard-Value Capacitors, Inductive Input and Output. 
(Continued on page 126.) 
Filter Frequency (MHz) C2, C4 L3 
No. Сшон 3-dB 20-dB (pF) 
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Table 2. 50-Ohm 5Element Chebyshev Lowpass Filter Designs 
Using Standard-Value Capacitors, Capacitive Input and Output. (Continued from Page 125.) 
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Figure 3. Lowpass filter schematic diagram and altenuation response, capacitive input and output. 
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Table 3. 50-ahm 7-Element Chebyshev Lowpass Filter Designs Using Standard-Yalue Capacitors, Capacitive Input and Output. 
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Table 3. 50-вінп 7-Element Chebyshev Lowpass Filter Designs 
Using Standarit-Value Capacitors, Capacitive Input and Output. (Continued fram Page 127.) 
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Figure 4. Lowpass filter schematic diagram and attenuation response, inductive input and output. 


Table 4. 50-ohm 7-Element Chehyshev Lowpass Filter Designs Using Standard-Value Capacitors, Inductive Input and Output. 
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Figure 5. 50-ohm 5th-degree elliptic lowpass filter designs using standard-value capacitors for C1, СЗ, and C5. 


Table 5A. 5Q-ahm 5th-Degree Elliptic Lowpass Filter Designs Using Standard-Value Capacitors, Capacitive Input and Output. 
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Table БА, 50-оһт 5th-Degree Elliptic Lowpass Filter Designs 
Using Standard-Value Capacitors, Capacitive Input and Output. (Continued from Page 131.) 
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Table 5B. 600-Оћт 5th-Degree Elliptic Lowpass Filter Designs Using Standard-Value Capacitors, Capacitive Input and Output. 
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Figure 6. Highpass filter schematic diagram and attenuation response, capacitive input and output. 
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Table 6. 50-ohm 5-Element Chebyshev Highpass Filter Designs 
Using Standard-Value Capacitors, Capacitive Input and Output. (Continued from Page 135.) 
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Figure 7. Highpass filter schematic diagram and attenuation response, capacitive input and output. 


Table 7. 50-ohm 7-Element Chebyshev Highpass Filter Designs Using Standard-Value Capacitors, Capacitive Input and Output. 
(Continued on Page 138.) 
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Table 7. 50-ohm 7-Element Chebyshev Highpass Filter Designs Using Standard-Value Capacitors, Capacitive Input and Output. 
(Continued from Page 137.) 
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Figure 8. 50-оһт 5-th degree elliptic highpass titer designs using standard-value capacitors for C1, C3 and C5. 


Table ВА, 50-ohm 54h-Degree Elliptic Highpass Filter Designs Using Standard-Value Capacitors, Capacitive Input and Quiput. 
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Table ВА. 50-Ghm 5th Degree Elliptic Highpass Filter Designs Using Standard-Value Capacitors, Capacitive Input and Output. 
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Table ВА. 50-Ohm 5th Degree Elliptic Highpass Filter Designs Using Standard-Value Capacitors, Capacitive input and Output. 
(Continued from Page 141.) 
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Table 8B. 600-ohm 5th-Degree Elliptic Highpass-Filter Designs Using Stanard-Value Capacitors, Capacitor input and Output. 










| Filter FCO F-3dB FA, А, 3 | F2 Ба 


Мо. ------ (kHz) + - - - - беди. ee = (пЕ)-------- Нз) - = - | 






| Е-Е о 5:65 ЗЕ che? 3 >2 39 bh ізі 11» 14.6 2:84 3) BE 
в fier 6.71 9,38 41 3.66 353 г: 4p за ДІЯ 3.56 17.86 2,25 4,71 
d П.Т ЕЛІ 8,00 Sims TS cv Be E oe Tei Peer о 5/55 


а 8.48 7,88 5,55 У г cT 1: За Tur 72.4 SUB lsd салып 5.286 
e asr KU 5,86 58,4 3.5 aa if а За NE За. 3.19 чм 
Е 18,8 8.35 5,84 49.4 3.42 28 13 4f ОНЫ 155 7,47 mrd 3,858 4,82 
т 11.1 2,78 5.99 42,5 2,42 39 148 Sl 286 36.8 7.42 9,22 3.65 5.65 
a Cu BL: таи 454 21.5 ЖЕ ТГ = ТРЕЕ DEAE 45 е. ӨЙ 
з 11.5 39,98 6,64 45.8 9.63 2? 192 32 22H "6.6 &64 8.13 4,16 5,38 

ІН 12.1 tbat 7.81 ЧЕ. ЈУ 27 Ts Se IS лов Eb? GLEE 4.55 7,62 

"T Каз wn сұ! Ж“ Van? 225 = 22 ЯЗ? iis cT Pre 359 aes 

із һа il.? 8.38 45,9 19,7 ІП 12 22 138 48.2 6.32 8.56 5,39 Е.И? 

13 ‘4.6 12.6 85,25 456 Блек 22 із yp? iff Bloat 5.22 58.458 5222 $9.81 

14 16.8 12.7 F.6F 48.3 2,69 2 le 93 294 88.9 4,95 5.02 4.68 7,523 


ЈЕ 12,9 12а ЗЕ тега 15 М Г Ше 436 6:21 Бг 3. Е 
iG 14.38 22.7 9,57 47.5 $8.2 ІЗ ІН 1 ЛР 4d.7 5.35 6.58 6,1: 4,91 
ҮР Seat ја Pees лупа D.» ІҢ Ш Ж X6 ДЕ Ват ом 
Із Tees Ја 03,95 а 2,502 {ПШ if с IMP 51.1 4.43 5,42 5.024 3.56 
ыда 11 15,2 11.727 46.3 8.29 18 Te 24 198, т 4:24 быуа 7,48 11.3 
| 28 258.5 16.1 11.2 Geb 3.5 ҰР ІН 98 127 42.B 4.1B 5582 ЕЭБ 18.7 
2] 18,6 17.3 12,5 43.7 21,8 12 8.2 18 31,9 23.3 4.39 5,78 8.39 12.4 
22 Siew fervi list ФЕР Bede 16 Fe ја 97 У зе Fiat 11.1 
23 Bai ТЕКЕ 11,4 We. 3,10 | Я ge 102 af №39 МШШ 5,36 15,9 
oo Gem HUS п Те And B ӘНЕ we Ua ДЕЛ Aer АЕ Ewell les 
о 21.4 ZB.B 14.8 47.8 21.3 166.5 12 84.0 29,6 3.75 4.71 8.97 13.5 
ПЕ ан 22.3 3," Чы; т: P B.» ег ELSE Зеба 30350 9.75 1421.5 
PP ёш Tras 111 Ч Hb Шоо | oe z.B See Т.Я DELE] 
6.8 тт Юй wlat &B,2 2.6 18 8,4 22,1 32856 Bos 915 ou 
о “бүз gaye Г.Й ЕЛЕ bt Шо „о de 585: среде Ж «The ТЕ. 
19 Шаа Са ПВ 86,1 xcd Је 5.60 1€ "Uu йыл 2$. x9 wu Ла ДЕА 
лү ЗЕЕ ТЕЛ? 284 y. 25,2 Бев Av BS SENA 1594,59 fobs Ва 19.0 [ат 
ss deum Ee 212 4b. Ја! Boe Фет ІН 56,5 ug 2.185 Ба. 13,5 20.4 
a AGP D ізі «3.7? E.) O 12 484 Ма? LOB uos 11-0 193 
34d 49.8 332.5 19.2 7.4 1.85 le 4.7 ІЗ 97,1 33.2 1.94 2.27 diae 18.5 
ОЮ ей Sd ЕР Чуп сие EAE J.B тл," ТТЫ Ағ Шт 24,2 
af 82.8  37.T 24.9 48.8 10.6 6.9 3.9 8.2 58,8 26.6 1.77 2.18 19.5 23.9 
“т? 89.0 39.0 24.2 95 4.87 3.29 2,9 IP сама 24.3 1,83 1.97 28.9 Заме 
ын uw | Oe Be LOC 0,8 Se VEU dod 19964 ЗА $5.7 
за 43. 49.5 35.8 Чт. 11.2 бад. вв 45.5 15.2 1.98 1.82 318.9 2.3 
и. WESS ЕУ B Saas а Е ЫЛ, Сї т гыс Ж.Н 
4 ПОЛА ech ЧЕТ ош Em ІН тыны ПТ ТО ва 
ӨР eee qu 5.5 47,3 92,3 3.3 2.7 4.? 31.8 11,2 1.53 1.94 $2.9 24.2 
45 ыс Sse “их Мс НҰР uy Баг we гет doy» Те ое За 
ps Gg EELT шет М CT onu» ^ ws el LL MES esl Nb. бе 


44 


| 


143 





(18—1)5 біш y U 
ule a r 


= НЫ = Ша T гр ша ор на Р "у з 8 


" -1) pei (Era МЕ m 


уаш)" G Ju 


- m deti 
MG (RT ge 1) 


Tr USD NS 


guorjoow x рит |, pog јој боп го 








puer] 
ssed jo уши Áouanboj sayBiy = 7 


Ғы 
baloney 


K2u3nba4J 


ЯЗ ИШЕ во E : ТЕ = 

e do ж | 22-9 8570 
йа - A ТЕ M it rye за 27 | 
Р Ле a Aun ымы = UI 
TT ^1 1 шт = v 


m hu = i" 


LGU 
(ul 
S | 


а... = eee — шылы 


— = 17 Ty == ғ 


тү) 
ПЕ ы VT 
тещ = vi 


"went 238, 
= 
| 
V i 
all 
s ےک‎ ӘД 
SUO//20S | ORAMAR 


a 


__ eer 9092119007] 
шоп goons OST PRUE uy ac Мила ИЦ йт, Я 


Suom3as Jo ибіѕәд 


cL ed 
Gi fp i Pip - m 








(1-97 


рига бицепизие ÁAouenbej-uBiu ul џопепџаце чб Area jo Aouenbej| e cm 
pueq бицепџаце Азџепбодц-мој и! uonenuege ubiu Aaa yo Áouenbaj в = esl 
рид 
ssed jo yw Aouanbay somo] = | 
suotejeH jejueuiepun-J 


© 
әоие151591 рвој = yY 


50286 SSEqd-plieg 


— س 


SvInWHO0J №9153 ак ану $911514319УЧУНО Чал 


144 





CAUBCWUOT YOO iiH-AegJe)ojN jo uoissiuuod 
цим разл “ди 'Áugduior моод јун-мет ом Ag rol c» uDuAdoz; ‘шешә "3 ‘3 АЯ yoogpuey ,siaeurBug ome шо) 





“2-42 “5-19 
EA I IR 
wt ny 









uononuesdM 








| р 
“0, = ^7 x17 = 15 


















кх | 
at т КЕ, 
(2-1) gE | 
Tm = Ку 
TET m VT 








Uu pou 
тш лор портр wg 
رھ رغاد ر‎ | А Sit], Јој олофе 

папах те Толо eqrwg | 9% ИО эше; 


Eur рта 
тш 40) порой бос 
А SAAT, юр бло 





масли» | зооту 





үш рот 


Fur pow x ale VE A. | 


| f$ رمد‎ потом o 
пи == 52 





145 





COMB-FILTER DESIGN 


Comb filters consist of a chain of narrow-band filters which pass spectral lines over the frequency spectrum of the 
signal. They pass discrete frequency components and discriminate against noise. Such filters are used to 
separate a composite input signal into a number of channels before data processing in telemetry systems and 
radar. The spacing between channels may be expressed as a frequency ratio which depends on the number of 
channels needed to cover one octave, or "ri." Thus f /f, = 2" , where f is the reference, fis the unknown frequency 


of the adjacent channel, and nis any positive or negative real number. For n = +1, f equals 27 and vof. These 
values are the center frequencies of channels, one octave away from the reference frequency. 

The nomogram solves for positive or negative fractional values of 7. The frequency scales, Г and f, are 
normalized so that the nomogram can be used for any frequency by shifting the decimal point. The ratio scale, л, 
has a decimal range as well as fractional values. 

To use the nomogram, place à straight-edge from the octave fraction or decimal on the л scale to the 
reference frequency on the Г, scale. Read the center frequency of the next channel on the f scale. Hold the 
n-scale value as a pivot point and shift the straight-edge to the same frequency on the f scale as the first answer. 
Head the next bandpass center frequency on the f scale. Continue the process until all center frequencies are 
obtained. For negative n values, divide the reference frequency by two to obtain the lower octave. After this step, 
proceed as for a positive л value. 

FOR EXAMPLE: Calculate the center frequencies for 1/3 octave filters, starting at 100 Hz (see illustration). 

setthe straight-edge from 1/3 or 0.33 on the n scale to the one (for 100 Hz) on the f scale and read 1.26 on 
the f scale; the center frequency of the next channel bandpass filter is 126 Hz. Pivot at 1 [3 on the n scale and 
shift the straightedge to 126 on ће? scale. Read 160 Hz on the fscale. When 1,260 Hz on the f scale and 1,000 
Hz on f. is reached, shift back to the lower portion of the f scale and continue. 
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Handpass filter array shown requires three 
channels to cover one octave, Therefore n = 17/3. 
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PULSE-FORMING NETWORK NOMOGRAM 


Pulse-forming networks supply high-voltage pulses to 
magnetrons and lasers. This nomogram relates the 
pulse width and characteristic impedance to the net- 
work's inductances and capacitances. It is based on 
the formulas: 


Tr; TT 


Р C 
р 


"m 


п = = 


er 


where Z - characteristic impedance 
L = inductance per section 
C = capacitance per section 
п = number of sections 
Py, = pulse width 
Г = rise time 


FOR EXAMPLE: Designa PFN that delivers a 
4-kV, 500-usec pulse with a 25-изес rise time into a 
1-ohm load: The numbers of sections (P. /27) is 10. 
Connecting 1 ohm to 500 изес on the left and right 
scales yields 250 uF and 250 АН as total capacitive C 
and total inductance te Dividing by 10 gives 25 АҒ 
and 25 рН per section. The two end inductances are 
1.15 the value of each section or 2.875 44H. 
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DELAY LINE DESIGN NOMOGRAM 


A pulse applied to the input of a delay line is continuously delayed by a predetermined amount as it travels along 
the line. The artificial or lumped parameter type of delay line consists of a series of low pass LC filters. The delay for 
n sections is given by the formula 

НН t=nVic 


where t= time delay in microseconds L = inductance in microhenries 
n= number of sections C = capacitance in microfarad 


The characteristic impedance 2 must be matched to reduce reflections within the delay line and is given by 


the formula 
2, = С 


where 2 is in ohms 


1 
The cutolf frequency of each section must be higher than the operating frequency ‚= 
where F is the cutoff frequency in megahertz т VLC 
TIME DELAY TOTAL FOR EXAMPLE: Determine the parameters for a 
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| dá f 24 on scale 7. The characteristic impedance of the line 
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COAXIAL CABLE SIGNAL DELAY NOMOGRAM 


This nomogram solves forthe delay per foot as well as the total delay of а coaxial cable when the relative dielectric 
constant of the insulation is known. The nomogram is based on the relationship 


T = 1.108 V Ensec/ft 


The relative dielectric constant and delay per foot are plotted on the left-hand index and can be related 
directly. The сћап gives the approximate ranges of dielectric constants of commonly used insulating materials. 
Some dielectric properties are a function of composition, frequency, and temperature, and the values shown 
should be used accordingly. 

FOR EXAMPLE: А 4-ft cable with a polystyrene dielectric will produce a total delay of about 6.3 to 6.5 nsec. 
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VOLTAGE MULTIPLIER CIRCUITS 


Circuit diagrams are given and the minimum voltage ratings of the capacitors are shown as related to У. The 
minimum PIV of the diodes is 2 V . 
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POWER TRANSISTOR AND DIODE REQUIREMENTS FOR SWITCHING POWER SUPPLIES г 


This tabulation shows the transfer function, switching transistor currents and voltages, diode currents and 
voltages as well as voltage and current waveforms for ten different converter circuit configurations used in 
switching power supplies. | | | 

Тһе advantages and disadvantages of each circuit configuration are also given. 
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FORMER, HIGH FREGUENCY OPERATION. | FORMER, HIGH FREQUENCY OPERATION, | TRANSFORMER, SIMPLE, HIGH FREQUENCY 
ADVANTAGES EAST TO STAMLITE REGULATOR LOOP OPERATION 





MO ISOLATION BETWEEN INPUT AND | NO ISOLATION BETWEEN INPUT AND СІ MUST CARRY HIGH PEAK CURRENT, MZ 

OUTPUT REQUIRES & СЕВА IF (i DUTPUT HIGH PEAR COLLECTOR CURRENT, | ISOLATION BETWEEN INPUT AND OUTPUT, 
DISADVANTAGES | SHORTS СІНА5 HIGH RIPPLE CURRENT | ONLY ОНЕ OUTPUT 15 POSSIBLE POOR CMLY ONE OUTPUT 15 POSSALE, POOR 

CURRENT LIMIT DIFFICULT ONLY ОНЕ TRAMSIEHT RESPOHSE REGULATOR LOOP | TRENSIENT RESPONSE. 

СТРИТ 15 POSSIBLE | ңаһ TO STABILIZE. 


ж = РОН RELIABLE OPERATION, ІТ 15 SUGGESTED AND RECOMMENDED THAT ALL VOLTAGE 
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i+} 





i 


©) 
FOR WARD 
Yo ы? 
wat мг GE) 


нг AIL: ^ 
Ic wax Ê (їн. * 7$ ) + Тыла 





NI 
Меко = Vp {i tas | 


سس 
I‏ 
Тена Іш Tere = LaL (ғ)‏ 


Ter 
Teas * Ти. (== 


На 
Hz 
Vora = Yaw (ке) VRM 
ё 
Vora = Мн (15) 


М 
ыы 









Тєр? 


(= X Ze) es " 
al 


lcg 


“+ 
ЕМРЕ, MULTIPLE OUTPUTS ARE POSSIBLE. SIMPLE, MULTIPLE QUTPUTS ARE POSSIBLE, COLLECTOR CURRENT 
COLLECTOR CURRENT REDUCED Ву TURNS RATIO OF на 
TRANSFORMER. LOW PARTS COUNT, ISOLATION. REDUZED BY RATIO OF МІ Low OUTPUT RIPPLE, 
| POOR TRANSFORMER UTILIZATION, TRANSFOAMEA POOR TRAKSFORMEN UTILIZETIGH, PODS THARSIEMT RESPONSE, 


BES CRITICAL , HIGH OUTPUT RIPPLE. 


PARTS COUNT HIGH, TASHSEORMES DESHSN (5 CRITICAL. 





AMD CURRENT RATINGS BE INCREASED TO 125% OF THE REQUIRED MAXIMUM. 
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CIRCUIT 
CONFIGURATION 





TYPE OF [| ^ 0 п 
CONVERTER HALF BRIDGE " FULL BRIDGE 





IDEAL v 

TRANSFER “8 „р (+) 
FUNCTION ا‎ ди | 
COLLECTOR * 


нё Alyy д 
CURRENT tic) Ic wax • (хе, + SEY + Заш 





COLLECTOR М 








VOLTAGE Меко * Ман 
RATING NC ЕЕС? ас p 
| ж. 
1 П 
DIODE cas! In, 
CURRENTS Teme "Ip 
и | 
DIODE Voas " © Мин (2E) Year "Ун 
VOLTAGES пы ні 
Iv mal Vora * 2 Viy g Vora "in 





F m. 
ЊЕ ri ; d 
| i 
ы . — 
MI I | 
Lr Е. 
Існв 


VOLTAGE АМО 





Tau АЖ 
way E FORMS ا‎ А 
ҮСЕ T 3 ч 
5,04 г 
Vor 
92.03 
— 1 
I, 
AL 
ty 1 | 
SIMPLE, 000 TEANSFORMER ЦТЦИЗАТҚ М, TARRSISTORS SIMPLE. GOOD TRONSFOAMER UTILIZATION, TRANSISTORS RATED AT Vina 
ADVANTAGES RATED АТ wi, 524 АТОМ, MULTIPLE OUTPUTS, ie ISOLATION, MULTIPLE СТРИТ, іг ВЕЕР AS А RATIO OF NE SHI. 
REDUCED а5 2 RITID OF = HIGH POWER OUTPUT HIGH POWER OUTPUT 


PREFERRED TO CKTF) WHERE HIGH POWER REQUIRED. 


POOR TRANSIENT RESPONSE, НЕН PARTS COUNT, CI ARO | POOR THANSIENT RESPONSE, HIGH PARTS COUNT, Ci АМО CZ HAYE 
C2 HAYE мен RIPPLE CURRENT LIMITED DYNAMIC Нан RIPPLÉ CURRENT. LIMITED OTHAMIC RANGE, НЕСАЛНЕВ AUXILLIART 
CIS GOVANTAGES | вамбе ағашяғт шиҗ майт POWES SUPPLIES РОН | POWER SUPPLIES FOR CONTROL CIRCUIT 
| CONTROL Стасц:тҷ | 


Я "РОЯ RELIABLE OPERATION, IT 15 SUGGESTED АМО RECOMMENDED THAT ALL vOLTAGE AND CURRENT RATINGS BE INCREASED 
TO 125% OF THE REQUIRED MAXIMUM. 
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Te" 15 Iq. FOR D 5.33 [Wgs.S E 
Te = р Tat FOR D «ма (Vg и Vint 
Tg22.5 Ig FOR D *.60 [Mg = Loving? 


Lī Ма , £ Vig , 2.5 Yig 
e me 


Меко * 
D: 1% O25 Oz B 


Ten * 1% lg FOR D "23 
Een" 2 Ig FOR Û 2.50 
Ten) = 25 Tat FOR D 9.60 


15 ¥iy FOR D = 33 
2 wg FOR D = „50 


MELE, GOOD TRANSFORMER UTILIZATION. CONTINUOUS INPUT AND OUTPUT CURRENT, HIGHEST | CONTINUOUS INPUT AND OUTPUT CURRENT, HIGHEST EFFICIENCY, VERY 
LOW RIPPLE, SMALLEST NUMBER OF SWITCHING COMPONENTS, SWITCHING- 


COLLECTOR CURRENT REDUCED А5 A FUNCTION OF | EFFICIENCY, LOW RIPPLE, SMALLEST NUMBER DF Е 
SWITCHING COMPONENTS, SWITCHING LOSSES CUT IN | LOSSES LOW, DRIVE CURRENT НЕҒЕНЕМСЕО ТО GROUND. HIGHEST 


Hz ! 
==. GOOD AT LOW VALUES OF Viy. HALF, DRIVE CIRCUIT REFERENCED TO GROUND, OPERATING FREQUENCY. 


| NI | 

- HIGHEST OPERATING FREQUENCY. —— \ - | 

CROSS CONGUE TRON OF OL C£ POSSIBLE, HIGH PARTS HIGH COLLECTOR CURRENT, СІ HAS HIGH RIPPLE Cl АМО CZ HAVE HIGH RIPPLE CURRENT ВЕСА MENTS. TRANSFORMER 
COUNT, TRANSFORMER ESHA CRITICAL. POOR CURRENT REQUIREMENT. HIGH VOLTASE REQUIRED DESIGN CRITICAL. FOWER OUTPUT |5 LIMITED. 


ПУМАМЯЯС RANGE, POOR ТРААНУЕМТ RESPONSE, FOR GL POWER OUTPUT LIMITED, 


(From General Electric Application Note 200.87, “Power Transistor Applications for Switching Regulators and Motor Control,” 
copyrighted © by and reprinted with permission of General Electric Company.) 
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PERCENT REGULATION OF POWER SUPPLIES | | 
The percent regulation of a power supply is found by the change in output voltage between Full Load and No Load 
voltage as given by the formula: 


No Load Voltage — Full Load Voltage 
ا س‎ ——_—_—— “А. 
Full Load Voltage 


% regulation = 100. 


FOR EXAMPLE: 
1. Whatis percent regulation if No Load Voltage is 500 V and Full Load Voltage is 492 V? The difference is 8 


V. Answer: Connecting 492 and 8 gives a regulation of about 1.6%. 
2. For 0.0456 regulation what is maximum allowable change in output voltage if required Full Load Voltage 


is 15 V. Answer. 0.006 V. 
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BETWEEN FULL LOAG AND NO LOAD VOLTAGE 


FULL LOAD YOLTAGE 
(mV, V or kV] 


Note: Voltage may be in пиона, volts, or kilovetts 
bul the same units must be used for both scales. 





POWER LOSS DUE TO IMPEDANCE MISMATCH 


This chart shows the power loss resulting from inequality in the absolute magnitude of two impedances connected 
50 as to transfer power from one to the other. The figures on the curves are the number of degrees of algebraic 
phase difference between the two impedances. 

FOR EXAMPLE: Find the resulting power loss when a loudspeaker with an impedance of 10 ohms and a 
phase angle of 60? is fed from a generator with a 100-ohm internal impedance. The impedance mismatch ratio is 
10:1, and at the 60? line the loss due to mismatch is read as 5.7 dB. 
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SEVEN COMMONLY USED BRIDGE CIRCUITS AND THEIR BALANCE EQUATIONS 


A bridge consists essentially of four arms connected in series and so arranged, that when: an electromotive force Is 
applied across one pair of opposite junctions, the response of a detecting and /or indicating device connected 
between the outer pair of junctions may be zeroed by adjusting one or more of the elements of the arms of the 


bridge. Seven commonly used bridge circuits and their balance equations are shown. 


Principally Used to Measure 











= 
WHEATSTONE = Ба = AR, 
BRIDGE Fin Hesistance 
Е. жән е-е gn Ca Rp Re 
ў м Ка Я. Са Ce Са Ra На 
IE or , 
BRIDGE og а Нава не с Ra Capacitance—Frequency 
a? > ығ, ae Ea = саи а 
Ro Rg Rew (прућа -Ry Ae JF, ш? 
whee 
RESONANCE 
BRIDGE рі. бер Inductance 
d R с 
b 
La КА, СЬ 
MAXWELL қ 
BRIDGE Rye =E Re Inductance 
b 
Нь 
Са: в. << 
SCHERING М | 
BRIDGE Ry = 22, Capacitance~ inductance 
Е 
| La "Ва АеСь 
OWEN 
BRIDGE Bae Co Inductance 
Gc 
a 
‚ fa Re Cp 
HAY |+ (Ry wo} 
BRIDGE Inductance 


Pg Rg Re (С) 


y eR aed 
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PARALLEL-RESISTOR/SERIES-CAPACITOR NOMOGRAM 


This nomogram is used to find the effective resistance of resistors connected in parallel or the capacitance of 
capacitors connected in series. The range of tha nomogram may be extended by multiplying the three scales by 
the same factor 10", where n may be positive or negative. 

FOR EXAMPLE: (1) The effective resistance of a 150k and 120k resistor in parallel is 67k. (2) A 6.8 uf and 
5.6 АТ capacitor connected in series present an effective capacitance of 3 LF. 


22) т 
2 РА 
Ы 
жоё, 
њр Ё 
fg 
Е 


rw» 








(From “Parallel-Resistance Chart," EDN, September 14, 1966 by permission of EDN.) 
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MAJOR SEMICONDUCTOR COMPONENTS 





НАМЕ GF 
DEVICE 


Mode 
ÖT 
Rectifier 


Avalanche 
(Zener) 


Diode 


Integrate 
Voltage 
Regulator 
{ГУН 
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COMMONLY USED. 
JU Se THIN 
SCHEMATIC - 


CIRCUIT 
ЗҮМЕР. 





ELECTRODE 


_ 


CATHODE 


; CATHOOR 


ANODE 


САТИОЛЕ 


POSITIVE 
ELECTRODE 


D 


NEGATIVE 


POSITIVE 
ELECTRODE 


NEGATIVE 
ELECTRODE 


ANODE 


CATHODE 
CATHODE 


ELECTRICAL CHARACTERISTICS 


Conducta сав Лу in 
ont direction, blocks 
ln the other 


VAMODE +} 
Сат. voltage 


characteristic in 
negative quadrant 


Va HODE {-1 


Aa 


Programmed to desired 
Vo, Њу two resi tur 


— 3 
Н т 


МАНООЕ [-) 


Dispinys negative 
геавш|шіллее «hen 
current caceria 
pen polnt current ls 


WAHOGE {+} 





Smilier characterigtles 
to conventional diode 
жүгері every low forward 
valinge drap 

VANODE {+1 


НЕНІ т 
ANALOGOUS 
To: 


MAJOR 
APPEUCATEIOSS 


Пера Пелоп Cheek valve 


Blocking Diode tube 
Detecting Gas diede 


Steering 


Regulntiun моћ tabe 
Reference 


Clipping 


Shunt velinge Avalanche 
regulator Diode 


Hefecenee clement 
Error тим ог 
Level sensing 


Level shifting 


LINT сестер 
lage eireults 


AT Lora ayo 
pireullu 


Level aensing 


Microwave 
mixers amd 
low power 

gail Lara 








МАМЕ OF 
DEVICE 


Fhyreetor 


n-p-n 
Tranmlular 


p-n- 
Transistor 


I'hatn 
Transistor 


инеп 
Pranslstur 
ШЕТІ 


COMMONI.Y USED 
JUNE TIOR 


CIRCUIT 
aM. 


SCHEMATIC 


COLLECTOR 


e | 


ВАЗЕ 


ls Y EMITTER 


EMITTER 


ASE 


EMITTEE 


ВАЗЕ 1 


VWOLTLGE BETWEER 


ELECTRICAL CHARACTERISTICS 


I 
WOLTSGE 


EMITTER № BASE | 


D EMITTERE, 


Rapidly increasing 
гит гш. nhbawve хан] 
voltage ің either 
lrection 


Capslani collector 
гг гов fur given 
base drive 


Complement to 
n-p-n transistor 


COLLECTOR [=] 


о он, Ttght acta 
пе base чигеп! of 
the phot transistor 


Unijunztton emitter 
biocks until its 
volage reaches V 


p 
then сому ое 8 


MAJOR 
APPLICATIONS 


Transient 
vollage 
suppres el ers 
aed are 
ашыта EA LOI 


Amplification 
Stat feelin 


Бас | ta ет 


ти ееп 
Ewiichlag 


Бегі анат 


Таре renderg 
Card readers 
Position sor 


Тат НБ 


Interval timing 
Ке а и 
Level Гассе 


SCH Trigger 


SIGH LY 
AKA LOCH 
TO: 


Thrrite 


Two avalanche 
ülodes In 

А - авио 
zonmee Lian 


Prente 


Тиін 


e rap 
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NAME ОК 
GRYICE 
Compte mentary 
El ni puc einn 
Transistor 

(CET) 


Ртпета нил 
Uniieneticn 
'l'ranaiator 
(TT) 


Silicon 
Cuntraolled 
Rectifier 
ECA) 


Compie mentary 
Silleon 
Cantrolled 
Becrifier 
Бекі 


Light 
Activated 
SCR" 
ЕЛЕСІ) 
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ернгілт 
SYMBOL 


EMITTER 


ABODE: 


| ATE 


CATHODE 


АКОПЕ 


® 


CATHODE 


САТЕ 
CATHODE 


COM MOE LY USED 
JUNCTION 
SCHEMATIC 


BASE 1 


VALLEY 
РЫНТ 


АСЕ 


VANODE {+} 


МАНЕ {+1 


ELECTRIC AL CHARAC TEMS PICS 


Funclions! compiles 
ment to JT 


Progcimmed by iwo 
resistors {ог Ур, 
[p Др Funetlon 
equivalent 19 
normaltJT. 


With anode үз аже 

1%), БСА enn be 
triggered һу lg. 
remaining іп cosduction 
until злее Ті reduced 
іп Zero 


Polarity complement 
із SER 


Operates #imilar te 
SCH, excepti can 
nist be teiggered 
inta солиот by 
light falling nn 
junctions 


ЕРИ ЊУ 
AMA LUOOULS 
тен 


MAAC 
APPLICA PIONS 


ПІН stabulis 
ibmera 


иу асы and 
level ditoetors 


Dow cost timers 
amd oscillators 


Loup реткі liners 
SCR Брег 


Leve] dezecbar 


ewer БӘ ені Das 
Миу дон or 


Рао control lgnitron 


Jayeriers 


Choppers 


Hing countera 
Law speed logic 


Limp driver 


Relay Replace- 
ment 


Ромен cantrole 


Рим јесте 
appiicatbork 


Alive flashed 





HAME OF 
HEVICE 


Stillen 
Controlled 
каеп" 
15475) 


Silican 
тиа вета! 
БИГ 
(5115) 


Sillcon 
Bilateral 
Fwlch 
(585) 


Біле 
Trigger 


GA TONE GATE 


CIRC WET 
SYMBOL 


3 


CATHODE 


ABODE 


“Ф 


CATHODE 


ANODE 2 


„@ 


ANODE 1 


ANODE GATE | 


COMMONLY USED 
FIOM, TION 
SCHEMA TH 


ANODE 


CATHODE GATE 


САТИОПЕ 


GATE 


GATE 


ANODE GATE 





CATHODE 


ELECTRICAL CHARACTERISTICS 


T ANODE [+] 


VANODE b 


ТАНЕПЕ 2 


VANDDE Р{ЗЇ 


ANODE E] 


Сют similar to 
БСН except can јап 
br triggered on liy а 
negative xlgnal na 
anali ере. Alyo 
several other 
speciniized modes 
Of респ оо 


Similar to SCS bul 
yener idded із 
nnode pate En Erlgger 
device late Fo = 
duction Bt м, 8 
volte. Can alao ђе 


triggered Бу пери те 


pulse ut gabe lead, 


Symmetrical 
bilateral veralon of 
the SUS. Breaka 
dows in both 

Обе опе ga 515 
dows in Гота. d. 


Operates аз не 
та SCH execent ean 
be iriggeréed into 
conduction in either 


direction by [+] nr ( =) 


gate animal 


When voliage 
reaches trigger 
level (проте 35 
yalla), abruptly 
кө сһея down 


about 10 volta, 


MAJOR 
АРАТА ТЕМЕ 


Logic applications 
Counter i 
Nixie drivers 


Lamp drivers 


Switching Circi 
Counters 

SCR Trigger 

Сав авор 


Switching Clreuita 

Countera 

TRIAL Phase 
Control 


АС вепр 
Phase coptral 


Relay replacenent 


Triac агы! 


SCR irigger 


Са сог 


ROUGHLY 
ASA LODUL S 
TU: 


Complementary 
iransisier pair 


Shockley or 
4 -Inyer 
ticle 


Two [Inverag 
Shockley diodea 


Two SCA's 
in inverse 
parallel 
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LETTER SYMBOLS AND ABBREVIATIONS FOR SEMICONDUCTOR DEVICES 


Table 1: General Semiconductor Symbols 


fy? 


М, п 
МЕ 
Pip 


region of a device which is intrinsic and in which neither holes nor electrons 
predominate 

region af a device where electrons are the majority carriers 
noise fiqure 

region of a device where holes are the majority carriers 
thermal derating factor 

temperature 

ambient temperature 

case temperature 

junction temperature 

storage température 

thermal resistance 

thermal resistance, junction to ambient 


thermal resistance, junction to case 

transient thermal impedance 

transient thermal impedance, junctian to ambient 
transient thermal impedance, junction to case 
delay time 

fall time 

forward recovery time (diodes) 

pulse time 

rise time 

reverse recovery time (diodes) 

storage time 


Tahle 2: Signal Diode and Rectifier Diode Symbols 
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Ува; ОГ Vigan reverse breakdown voltage, dc 
Vien} ОГ {вав reverse breakdown voltage, instantaneous total value 


fe forward current, dc 

ТАМ forward current, average value 

fF forward current, instantaneous total value 

T forward current, rms value of alternating component 
Геінме) forward current, rms total value 

fem forward current, maximum (peak) total value 

(Мер) forward current, repetitive, maximum (peak), total value 
ÍF Misurge! forward current, maximum {peak}, total value of surge 
һы output current, average rectified 

РН reverse current, de 

fa reverse current, instantaneous total value 

нду) reverse current, average value 

ны reverse current, maximum (peak} total value 

ЈЕ reverse current, rms value of alternating component 
FARMS) reverse current, rms total value 

E. conversion loss {microwave diodes} 

РЕ forward power dissipation, dc 
PELAVI forward power dissipation, average value 

Рем forward power dissipation, maximum (peak} total value 
Бе forward power dissipation, instantaneaus total value 


Pa 


reverse power dissipation, dc 


Priavy reverse power dissipation, average value 

Рам reverse power dissipation, maximum (peak) total value 

PR reverse power dissipation, instantaneous total value 

Ve forward voltage drop, de 

Ve forward voltage drop, instantaneous total value 

Vetavy forward voltage drop, average value 

Vem forward voltage drop, maximum [peak] total value 
Мама) forward voltage drop, total rms value 

V forward voltage drop, rms value of alternating component 
Vu reverse voltage, dc 

КА reverse voltage, instantaneous total value 

У (ам) reverse voltage, average value 

Vna reverse voltage, maximum (реак) total value 

VRMtwkg! working peak reverse voltage, maximum (peak) total value 
Vem rep! repetitive peak reverse voltage, maximum {реак ) total value 
VaMinoncep)  Nonrepetitive peak reverse voltage, maximum (реак) total value 
масам} reverse voltage, total rms value 

v. reverse voltage, rms value of alternating component 


В сас 
8 ceo 
BVcen 
ВУ ces 
BVcex 
E Veep 
BV es 
Cibo 

C iss 
Ciso 

C ine 

C obo 
Сою» 
ж 


Conc 


fhb 
f hfe 
fh fa 


Ў 


ГГ Ах 


fr 


ЯМЕ 


Table 3: Transistor Symbois 


obsolete—see Мавусво 
obsolete—see Vigaicea 
obsolete—see Vianicen 
obsolete—see Viagices 
obsclete—see дусе х 
absolete—see Vignieno 
obsolete—see дуя 


open-circuit input capacitance, common base 
short-circuit input capacitance, common base 
open-circuit input capacitance, common emitter 
short-circuit input capacitance, common emitter 
open-circuit output capacitance, common base 
short-circuit output capacitance, common base 
apen-circuit output capacitance, common emitter 
short-circuit output capacitance, common emitter 


small-signal short-circuit forward current transfer ratio cutoff frequency 
{common base} 

small-signal short-circuit forward current transfer ratio cutoff 
frequency {common collector) 

small-signal short-circuit forward current transfer ratio cutoff 
frequency (common emitter, 

maximum frequency of oscillation 

frequency at which small-signal forward current transfer ratio (common 
emitter) extrapolates to unity 

static transconductance (comman emitter) 

small-signal transconductance [common emitter) 

large-signal average power gain {common Базе] 

small-signal average Dower gain (common base} 

large-signal average power gain (common collector) 

small-signal average power gain (common collector] 

large-signal average power gain (common emitter} 

small-signal average power gain (common emitter! 
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РЕВ 


Pic 
Pic 


Dia 
Pos 
Pan 
Poc 
Pac 
Por 


static forward current transfer ratio {common base} 

small-signal short-circuit forward current transfer ratio (common base} 
static forward current transfer ratio (common callector) 

small-signal short-circuit forward current transfer ratio (common collector} 
static forward current transfer ratio (common emitter} 

small-signal short-circuit forward current transfer ratio [common emitter} 
static input resistance (common hase} 

small-signal short-circuit input impedance [common base) 

static input resistance (common collector] 

small-signal short-circuit input impedance (common collector] 

static input resistance [common emitter} 

small-signal short-circuit input impedance [common emitter) 
small-signal open-circuit output admittance [common Базе) 

small-signal open-circuit output admittance (common collector] 
small-signal open-circuit output admittance (common emitter] 
small-signal open-circuit reverse voltage transfer ratio [common base} 
small-signal open-circuit reverse voltage transfer ratio (common collector) 
small-signal open-circuit reverse voltage transfer ratio (common emitter] 
base current, dc 

base current, rms value of alternating component 

base current, instantaneous total value 

collector current, dc 

collector current, rms value of alternating component 

collector current, instantaneous total value 

collector cutoff current, dc, emitter open 

collector cutoff current, dc, base open 

collector cutoff current, dc, with specified resistance between base and emitter 
collector cutoff current, dc, with specified voltage between base and emitter 
collector current, dc, with specified circuit between base and emitter 
callector cutoff current, dc, with base short circuited to emitter 

drain current, dc, with gate shorted to emitter 

emitter current, Яс. 

emitter current, rms value of alternating component 

emitter cutoff current (dc), collector open 

power input idc) to the base (common emitter] 

power input (instantaneous total) to the base (common emitter] 

power input (dc) to the collector (common base] 

power input (instantaneous total) to the collector {common base} 
power input ide) to the collector [commen emitter) 

power input (instantaneous total! to the collector {common erritter} 
power input {de} to the emitter {common base} 

power input {instantaneous total) to the emitter {comman базе) 
large-signal input power (common base) 

small-signal input power (common Базе) 

large-signal input power {common collector} 

smali-signal input power [common collector) 

large-signal input power [common emitter) 

small-signal input power [common emitter} 

large-signal output power (common base} 

small-signal output power (common base) 

large-signal output power (common collector} 

small-signal output power (common collector) 

large-signal output power (common emitter] 


Pos 

Рт 

PT 

Еһ 

ће 

ГСЕ {sat} 
Ag 
Re(hi,) 


ViBRICBO 
ViBRicEO 
ViBRICER 


VisRices 


Vigmicex 
ViBRIDGO 


VianiEBO 


У вяза 
вв 


УБЕ 


Ура 
Vcg 
TR 
Veh 
Vesti 


Vcc 
Vee 
Vea 


Vee 


WCE (f 


VcEO 
У сона) 
Усен 
VCERisus) 


Ve ES 
Vc ESisus) 
УСЕХ 
УсЕх (aus) 


Vice teat! 
Vs B 


Мени 


V an 
V an 
МЕС 


small-signal output power (соттоп emitter} 
total nonreactive power input [dc] to all terminals 
nonreactive power input {instantaneous total} to all terminals 


external base resistance 

external collector resistance 

collector-to-emitter saturation resistance 

external emitter resistance 

real part of the small-signal short-circuit input impedance (common emitter} 


breakdown voltage, collector-to-base, emitter open 

breakdown voltage, collector-to-emitter, base open 

breakdown voltage, collector-to-emitter, with specified resistance between base and 
emitter 

breakdown voltage, coliector-to-emitter, with base short-circuited to emitter 

breakdown voltage, coliector-to-emitter, with specified circuit between base and emitter 

breakdown voltage, drain-to-gate, source open 


breakdown voltage, emitter-to-base, collector open 

breakdown voltage, reverse 

base supply voltage 

base-to-collector voltage, dc 

base-to-collector voltage, rms value of alternating component 

base-to-collector voltage, instantaneous value of ac component 

base-to-emitter voltage, dc 

base-to-emitter voltage, rms value of alternating component 

base-ta-emitter voltage, instantaneous value af ac component 

collector-to-base voltage, dc 

collector-to-base voltage, rms value of alternating component 

collector-to-base voltage, instantaneous value of ac component 

dc open-circuit voltage (floating potential! between the collector and base, with the 
emitter biased with respect to the base 

collector supply voltage, йс 

collector-to-emitter voltage, dc 

collector-to-emitter voltage, rms value of alternating component 

collectar-to-emitter voltage, insta ntaneous value of ac component 

dc open-circuit voltage [floating potential) between the collector and emitter, with the 
base biased with respect to the emitter 

collector-to-emitter voltage, dc, with base open 

collector-to-emitter (breakdown) sustaining voltage with base open 

collector-to-emitter voltage, dc with specified resistor between base emitter 

collector-to-emitter (breakdown) sustaining voltage with specified resistor between base 
and emitter 

collector-to-emitter valtage, dc with base short circuited to emitter 

collector-to-emitter (breakdown) sustaining voltage with base short-circuited to emitter 

collector-to-emitter voltage, dc with specified circuit between base and emitter 

collector-to-emitter (breakdown) sustaining voltage with specified circuit between base 
and ernitter 

collector-to-emitter saturation voltage, dc 

emitter-to-base voltage, dc 

dc open-circuit voltage (floating potential! between the emitter and base, with the 
collector biased with respect to the base 

emitter-to-base voltage, rms value of alternating component 

emitter-to-base voltage, instantaneous value of ac component 

emitter-to-collector voltage, dc 
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МЕС ас open-circuit voltage {floating potential) between the emitter and collector, with the 
base biased with respect ta the collector 


Vee emitter-to-collector voltage, rms value of alternating component 
Мас emitter-to-collector voltage, instantaneous value of ас component 
Vee emitter supply voltage 

VAT reach-through voltage 


Table 4: Tunnel Diode Symbols 


fı inflection point current 

fe peak point current 

fy valley point current 

Г dynamic resistance at inflection point 

Vep projected peak point voltage 
[forward voltage point (greater than the peak voltage), at which the current 
is equal to the peak current] 

V, inflection point voltage 

Vp peak point voltage 

V, valley point voltage 


Typical Characteristics 
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COMPARATIVE CHARACTERISTICS OF ACTIVE DEVICES 





one ы > DS wm 
Input impedance High қ Very low High Very high 
Output impedance High 4 Low/moderate High High 
Noise Low Low Moderate Low Unpredictable 
| Warm-up time Long Short Short Short Short 
Power consumption Large Small Moderate Very Small! Very smali 
Aging Appreciable Low Low Low Moderate 
Reliability Poor Excellent Very даса Excellent Very good 
| Overload sensitivity Excellent Good Fair Good Poor 
Size Large small 7 Moderate _ Small Small _ 
almpedances depend on circuit arrangement: 
Input Impedance Qutput impedance 
For common base Low (10's of ohms] High (megohms) 
For common emitter Mediurn (kilahms} Medium (10's of kilohms) 
For common collector High (100's of kilahms) Low (100's of ohms} 
SUMMARY OF INTEGRATED CIRCUIT PROPERTIES 
This table compares pertinent characteristics of present day and future ICs. 
3 св DOWECE | | | е (1345-1900) 


Properties [= | 4 S Com TA | mos | BULK cmos | смо5/50$ | ____бжћа 


и (ву | (4 : 57 | 305 


Process complexity 18 to ШЕ 18 to 23{| 18 10 Еа зет to 17 | Мет. lo 17 14 to 20 16 


(Мо. processing steps] | : = 
. Loge complexity 3 to 4 2 
(Мо. cCompanents, 
-input gale} | 


Packing Densily И 15 lo 20 [7510 ы ы.а аа ее. ю ey lo 90 тах te 500 | 200 to 500 300 to 1000 
(gates/mm7) ' 
Propagation delay, ns B ta 30 | 2 to 10 | 5% М 2 7 to 50 | 30 to 200 4 із 25 10 to 35 4to 20 0.2 10 0.4 0.05 ta 0.1 

m value} (10) ЕЙ гы (100) (15) (20) (10) (0. 3) (0.07) 
Typics! supply voltages +50. БЕЛІ > —15 to +20 | +100. +100 +2.0 41.2 
(volts) "1.0 
Signal swing (volts) -28 10 17 ~1.7| |02 to 04 00-150 ағы 0.0 to 100 |0016 100 | 00% 20 0.0 lo 08 
Guaranteed noise 557 гасе an n Io 2 251945 |35 to 45 | 02 ю 08 021902 
from) 
гоя hardness capa- тж to 105 (0.2 ta 10% 0.5 lo >1013 (5 210 io 210'* to 210" to 210 Io > 1012 
NU (ncm! 2x10" 10 1048 T0" 1018 1014 
Total dose i4] hardnass |108 to 108 с. А? 104 to 108 Io 105 to 104 2107 
сарабиу [rans] 10 108 M 


Dose гате [¥] ог 0, 0.2 Io 10") 0,2 [о 1079 $9.1 ta 0.2 to 10"! |05 to 10" 210! 
phota-cureent hardness 5 x 10% 
тарабмиу 1739518 











{Reprinted with permission from Electronic Design, Vol. 29, No. 16; copyright© Hayden Publishing Со, Inc., 1981.) 
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ANALOGY BETWEEN THE THREE BASIC JUNCTION 
TRANSISTOR CIRCUITS AND THEIR EQUIVALENT ELECTRON TUBE CIRCUITS 


A transistor can be operated with the input signal applied to the base and the output taken from the collector 
(common emitter), with the input signal applied to the emitter and the output taken from the collector (common 
base}, or with the input signal applied to the base and the output taken from the emitter (common collector or 
emitter follower). The performance characteristics of these three connections correspond roughly to the three 
lube connections shown below, with the exception that the input impedance is generally lower in the transistor 
circuit. General characteristics of these three connections are given in the table. 











Common Emitter Common Base Common Collector 
Large current gain Approximate unity current gain Large current gain 
Large voltage gain Large voltage gain Approximate unity voltage gain 
Highest power gain Intermediate power gain Lowest power gain 
Low input resistance Very low input resistance High input resistance 
High output resistance Very high output resistance Low output resistance 


Analogous to grounded cathode Analogous to grounded grid Analogous to cathode follower generally 


CORRESPONDING 
TRANSISTOR ELECTRON TUBE 
CIRCUIT Ei CIRCUIT . 


IN 


COMMON BASE 


COMMON EMITTER 


ІМ 


COMMON COLLECTOR CATHODE FOLLOWER 
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DEFINITIONS OF EQUIVALENT CIRCUIT PARAMETERS 


Parameter 


Common 
Hase 


2141, 2115, OF 2 
£12. 712b. ОГ “ыр 


221, 2215, OF “ғр 


£22, £325 OF Zon 


y 11: F 115. OF Vib 
Viz. Fiza, OF Feb 


V21. ¥ 215: OF УҒА 


Vor, F22b: 57 You 
A11, 0115, OF Ain 
h12, 4126, ОГ Ary 


A21, fora, OF Arp 


Common 
Emitter 


2112 Uf Zig 
“17е OF Zro 


ізіг UT 2а 


2222 ОГ 2бе 


У11е ОГ Ија 
V12e ОГ Fre 


V21e OF fe 
У22е ОГ Voe 
Rite ОҒ Nie 


Пара OF Are 


Поле OF Age 


Comman 
Collector 


Z11c ОТ Zi 
Z12c OF dre 


2912 072 


22726 OT Zoe 


Vtic ОГ Fie 
y 12c OF Fre 


V21c OF УС 


V22c ОГ Ype 
Arte OF Aye 


Aare OF Pire 


Definition 


Input impedance with open-circuit output 

Reverse transfer impedance with open- 
circuit input 

Forward transfer impedance with open- 
circuit output 

Output impedance with open-circuit input 


Input admittance with short-circuit output 

Reverse transfer admittance with short- 
circuit input 

Forward transfer admittance with short- 
circuit output 

Output admittance with short-circuit input 


Input impedance with short-circuit output 

Reverse open-circuit voltage amplification 
factor 

Forward short-circuit current amplifica- 
tion factor 


#22, h225, ОГ Aob Поре Or Age Поре or Рос Output admittance with open-circuit input 


Note: #11 = 1/y44 and has = 1/22. 


Common Base 


11 = 39 chms 
#42 = 380 X 107° 
ho, = – 0.98 

122 = 0.49 umho 


Common Emitter 
h41 = 2,000 ohms 
hyo = -600 X 10° 
#21 = 50 
Мә? - 25 umhos 


Common Collector 
Hy m 2,000 ohms 


hes = 25 umhos 
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EQUIVALENT CIRCUITS FOR SMALL-SIGNAL LOW-FREQUENCY TRANSISTOR STAGES 
Small-signal, low-frequency, T-equivalent circuits for transistor stages 





Common-base configuration (а) and hybrid equivalent circuit (b). 





Common-emitter configuration (а) and hybrid equivalent circuit (b). 
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— 
+ 
- 212, 
ін 2 
221 Bo 
_ гй; 
222 ! 
(0) 


z-l'arameter equivalent circuit. 


لاجر 


My Fu 





(b) 





y-Parameter equivalent cireuit. 





Нв 
T-equivalent circuit, common base. T-equivalent circuit, common emitter. 
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TRANSISTOR PARAMETER CONVERSION TABLES 


(А) Common-base ^ parameters іп terms of common-emiltler, common-collector, and T parameters. 
B) Common-collector ^ parameters in terms of common-emitter, common-base, and T parameters. 
(С) Common-emitler ^ parameters in terms of common-base, common-collector, and T parameters. 
(D) T parameters in terms of common-emitter, common-base, and common-collector parameters. 





" Г 
rt 


Ne h.e h 
hetae P eh т: һы 















rot dir аһ, 








Palos Fpl) Өй, ПВ _ 
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11 © htl E= ASI fuu, 


йыз Айы. te 


Мы 
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ће 











Шы "rs ЕГ utre te 
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(E) Input impedance and output impedance in terms of ^ and T parameters. 
(F) Insertion power gain and transducer power gain in terms of Я parameters. 
(G) Current gain and voltage gain in terms of Б and T parameters. 

(H) Available power gain and operating power gain in terms of ^ parameters. 





f parameter 


Common base 
T-equivelent 
circuit 


Common emitter 
T-equivalent 
circuit 


Common collector 
T-equivalent 
eir cuit 


h parameter | 
where Zy and 

Z, are pure 
résistance 


Current gain 


Circuit 


Common emitter 
T equivalent 
circuit 


— 


Common collector 
T-equivalent 
pircuit 


| 
h parameter 

where Zo and 

Z, are pure 
resistance 


[ h parameter 
Comman base 
T-equivalent · 











л Pe ПЕШ. 
б, = — 


| 


Input impedance 





қ falto t Hp) _ fa 
re“ аго thet Ry — 


Кој. + A г. + 8 
n dr i} жш n: і 
ғас ага + Ay 1-а 


insertion power gain 
power Into load 


= generator would deliver directly 


rif, + 8,1 



















(A+ BM FAG AL) һүһ,8,17 


la е he Р 


д, = = E 
"т, 1452 


“(ара 7 ба! 


Available power gain 
maximum available ouiput power 


maximum available generator power 


EE а. 





) 


6, = 
Му % fig} [Ао (ft, + Fg! 1 ТІН 


| | 


ға Ға + Agl "nudes - de; tre + Fy, | 


Output impedance 


modi БЕР _ 
“ы, bm 


y DIS 





af, fh | к 
TE 


Гы м v 
= | Га try + fy 


Га Fra + На 1” & 





fp 7 FE, 
Re Gy ote, 
Е Oe g 


Transducer power gain 
power inta load 
maximum available peneratar power 


hp? Ro Ay 


ит gli Бай,)- Врућ 2 


Woltage gan 
и 1 
doct s 2 2. 
V, h Ay [1 *hgZ, 
; 2: hy 
fare + fy lay em, 


РТ ШЕР 
га trp tA | traie- ar tA) or, + ¬ c) 


- lar. - гы, emn, 


ағыт A) 


|| 


= 


a? E e 
за еи ЕС 
r ҮШ т 
= SUN 


Operating power gain 
| power into load | 


power inte transistor 





УБЕ һ A; [lth4FH 
17 А.А; = вш (т уш T 


и; 1 па Ay Hr йү 
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(I) Z parameters in terms of 4 parameters. 
(J) Y parameters in terms of 4 parameters. 
(К) Common emitter 2 parameters in terms of common collector and common base 2 parameters and T 


parameters. 
(L) Common emitter y parameters in terms of common collector and common base y parameters and T 


parameters. 


(J) 
Ут 
V22b 


Ah = hihs - Ву 
а= (188 = ha hs = der 


Cornrnon егег D Common baie Г Common collector 


1 


р == 


Вос 


| 


fob 
^ 


| [> 
Em 





z pararneter Common collector Common base T equivalent-ciecuit 


Ziie 2417242 7 #21 +422 PES 
212: 222 212 | #11" 212 Ги 

Кі — — aS : - 
2212 222 291 | 711 221 Ға” ап 
722: | #22 2117 212 7 221 +272 ге t rell -al 


211 
| оте Û E = рат айы 


T equivalent-circuit 


Common collector 


т Paramatar kommin Базе 


ГЕЗА = 8) 
File F11 ул ¥17 * 21 У22 кка ыл шы 
EET –- (у * 12] -ly12 + у22] 
(Li а са. | В | 
V21e "Пулу ЖУ! | "ira: + ¥22) ! UR 
Угра | Уз Ктр trn + ¥22 | "A 
A 


| 
i 


< 
ғ. 
ы 


= falh trela trail- 1) 
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(M) Common base z parameters in terms of common emitter and common collector z parameters and T 
parameters. 

(N) Common base y parameters in terms of common ernitter and common collector y parameters and T 
Parameters. 

(O) Common collector z parameters in terms of common emitter and common base z parameters and T 
parameters. 

(P) Common collector y parameters in terms of common emitter and common base y parameters and T 
parameters. 

(Q) Input impedance, output impedance, voltage gain, and current gain in terms of z and y parameters. 


Common collector T2gurvalent circuit 


: 
21h Fx | 


¥ 115 ҮШ ЖЕТЕРІ t Van "T 
Th 
Fide [К {2 t Fazl (Ку + әзі Ћ 


ғ ртатетег 
"#4115 гр trh 


= 
ІМ! В 


fp * ас 
Th +f, 


Там ићи circuit 


үз» уза + F77 


Fat 


Û = гету treie + 


f barame Cummán emitter 


Фил "272 


£232. 212 


#32 


p Par ara с ап mitler 


Flic | #11 
Y12c lvii + Fiat 
ae [етт 31 Fn! 


Козе | Уз + Faia Уз + [22 


A rur + гр Ға + ғы а 


= 
Аг * 21124 
Faz t£, 


Pararmg Lar 


F4 


айбары к 


V 
Ay * ys ћу 


áz*ryz22 iw Друз руту 


| 112 t Ya) 


Kii t¥ag trar * 22 


Common base 


711 - 242" езі +272 


Common base 


Fi) "Жупа ЕР + Y22 


"dri try] 


F11 


Quinet "пира пет Valraga qain 
I3 1 2: 


Ag + Hafi 


Ат + 1222, 
ytd, 


¥11 + Ур | Уз 
Ау + 22 yoo + Yi 


Татдығғаағы ecu 
Ғы theo 


| reli ab 


Fe 
Ға МЕ - aj 
Тави Еп circum 
fe trell 2} 


б 


“roll ad 


А 
- 76 
А 
Fy tre 
А 


Current gain 
ONLUS 


ту * 4, 


үзүр | 
Ay ју FL 


(From “Transistor Circuit Design,” Texas Instruments, Inc. Copyright ©1963 by Texas Instruments Incorporated. Used with 


permission of McGraw-Hill Book Company.) 
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MULTIVIBRATOR DESIGN CURVES 


The accompanying curves permit an easy and rapid determination of the frequency of oscillation of a 
symmetrical-astable (free-running) multivibrator, and the pulse duration (t (t) of a monostable (one-shot) multi- 
vibrator. The pulse duration of the astable muitivibrator output also can be read from the curve. 

The expressions on which the curves are based are derived readily. The expression for the voltage at the 
base of the "off' transistor is 


EC FAM | 
Е e (1 - 26 Fi 


where V, is the base-to-emitter voltage of an "on" transistor. The above equation assumes that base-to-emitter 
breakdown is prevented by using transistors whose base-to-emitter breakdown voltage is greater than E, volts, 
or by connecting a diode in either the base or emitter lead. 

The “off” transistor tums on when e, = Vy, ore "N° = 1/2 where tis the "off" time (6) at the end of which 
time e, = ¥. Solving the equation yields t, = 0.69 RC. The curves in graph (А) are plots of this equation. For 
the monostable multivibrator, h is the pulse duration. The period of the symmetrical-astable multivibrator is equal 
to 2t. 

Graph (B) is a family of curves of frequency of the symmetrical-astable multivibrator versus capacitance C for 
various values of resistance H. Since the period of the output wave is 2 , the equation for frequency is given as 
f = 1/1.38RC, from which the curves were plotted. 

FOR EXAMPLE: Find the value of C required to generate a frequency of 500 Hz from a free-running 
muitivibrator, or a 1 msec pulse from a monostabie. In both cases the value of Я is limited to 100,000 ohms by the 
beta of the transistor selected. The curves indicated a value of 0,0145 pF for the capacitor. 
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OPERATIONAL AMPLIFIERS 


An operational amplifier is essentially a very high gain dc amplifier whose open-loop gain is generally high enough 
when compared with the closed-loop gain so that the closed-loop characteristics depend solely on the feedback 
element, Circuit applications for which operational amplifiers сап be used are illustrated below. 


Summing 


Ry Re 





Ry | EI 
E Re 
oa +22 +ез+...} 


Differentiation 





Voltage Gain 
(Multiplication) 


Re 
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scaling 





е; fa ea 
252 Кеј — + — + —+... 
" FR. Re Rs | 


Integration 





1 
Ll f/f, 22, 83 
ед i m oi я. d! 


Subtractian 





R 
воз R (2 -е;) 


Current Injector 
KR, 





Current Constant Source 
(Floating Load) 





Voltage Source 
Ncc ВЕ 





Constont Current Source 
(Large Current Levels} 


T 





Е аламы 
э, کے ت‎ 
СТ Ra Ry Ва 





Current to Voltage Converter 
R 


eo 


во ^ iR 


Voltage Follower with Goin 
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| Unity Follower Peak Follower 





eo 
Ы 
ес _ 
6; =+} 
Sample and Hold Circuit Voltage Comparator Circuit 





Qo tV; if ei «erar 


dg == V; if ej »eref 
Еге! 


High-impedance Low-voltage Voltmeter 


Polarity Separator 


R, Relcurrent limiting) 






Overload 


О-1тА 
protection P oe 
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Logarithmic Trgnsconductor 


Absolute Value Amplifier 
Hr 





Simple Overvoltage Clamp 
CR, (СЕ? 





Modulator -Demodulator ( Half -Wave) 


SIGNAL 
INPUT 


MODULATED 
CARRIER OUTPUT 





ec- CARRIER 
REF. Ov 


Ad Tu 
Bes (ON) 


Floating Load 
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Automatic Gain Control Amplifier 





D/A Converter 


COMPLEMENTARY SWITCHES 





Second-Order Transfer Function Amplifier 
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Adjustable Lag(O to —180°} Amplifier 


LAG CIRCUIT 
Ri ж КЕ 











МЕ бо 15-1 
INTERCHANGE R-C FOR LEAD СМ 





ёс а ] | 
“| Ri Rə С, Cz s? + Ce R +Rajs +1 
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Saa 


ы? 


uln 


Second-Order High-Pass Active Filter 


губ 











Ci ео 
ei o 
* Ж | т tT ЊЕ, С, | 
Sy WHERE: Va | 
UE e ЖЫ. _ р 
faa "ele TIER, Cy 
тог Ra Cs 


Fast Recovery 
Overload Circuit 









a) 
E 


Bandpass Amplifier 


STN 


PULSEO—— 


INPUT 


Crystol Oscillator( Square Wave) 
100K 
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GLOSSARY OF OPERATIONAL AMPLIFIER TERMS 


Common-mode gain Ratio of output voltage over input voltage applied to {+) and (—) terminal in parallel. 
Common-mode rejection ratio (CMRR) Hatio of an op amp's open-loop gain to its common-mode gain. 
Differential-input voltage range Range of voltages that may be applied between input terminals without forcing 
the op amp to operate outside its specifications. 

Differential Input Impedance (Z diff) Impedance measured between (+) and (—) input terminals, 

Drift, input voltage Change in output voltage divided by open-loop gain, as a function of temperature or time. 
Input voltage offset Dc potential required at the differential input to produce an output voltage of zero. 
Input hias current Input current required by (+) and (—) inputs for normal operation. 

Input offset current Difference between (+) and (—) input bias currents. 

Offset Measure of unbalance between halves of a symmetrical circuit. 

Open-loop bandwidth Without feedback, frequency at which amplifier gain falls 3 dB below its low-frequency 
Value. 

Open-laop voltage gain (A) Differential gain of an op amp with no external feedback. 

Slew rate Maximum rate at which output voltage can change with time; usually given in volts per microsecond. 
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EUROPEAN SEMICONDUCTOR NUMBERING SYSTEM (PRO ELECTRON CODE) 


| | Third, Fourth, and Fifth 
First Lattar Second Letter Character 


Waal j Type Serial Code 
A Germanium A Low-power diode, Three figures— 
B Silican voltage-variable ca- ; serial codes used on de- 
C Compound materials, pacitor vices for domestic and 
such as cadmiurn B Varicap commercial applications 
sulfide or gallium C Small-signal audio tran- 
arsenide used in sistor One letter and two 
semiconductor de- D Audio power transistor figures— 
vicas. (Energy дар E Tunnel diode serial codes used on de- 
band of 1.3 or more Е Smail-signal rf transis- | vices for use in military, 
electron-volts) tor industrial, scientific, and 
D Matarials with an en- G Miscellaneous pulse, equipment 
ergy gap band of H Field probe 
less than 0.6 elec- K Hall generator 
tron-volts such as L Hf-power transistor 
indium antimonide M Hall modulators and 
R Radiation detectors, multipliers 
photoconductive P Photodiode, photo- 
calis. Hall effect transistor, рпоіосоп- 
generators, etc. ductive cell (О), 
radiation device 
R Low-power controlled 
rectifier 
S Low-power switching 
transistor 
T Breakdown devices, 
high-power con- 
trolled rectifier, 
Shockley diode, Thy- 
ristor, pnpn diodes 
U High-power switching 
transistor 
X Multiplier diode 
Y High-power rectifier 
(diode} 
Z Zener diode 





The third letter—if there is one—indicates industrial device and is a Y. If there is no third letter, the device is for consumer or 
entertainment use. The digits that follow the letters for industrial units indicate how many devices of that particular type have 
been registered. The digits star! at 10 and go up to 99. When 99 is reached—i.e., after B9 devices—the last letter changes from 
a Y to an X and the numbering begins anew, working back towards A. There is no Z. For consumer devices, the numbers that 
follow the two letters start with 100, allowing registration of 899 similar devices. 

FOR EXAMPLE: The designation BLY 80 means the device uses silicon (B) is for high rf power use (L), and is used in 
industrial applications, (Y); the ВО means that it is the 71st device of its type to be registered with Pro Electron. 
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CHARACTERISTICS OF INTEGRATED CIRCUIT LOGIC FAMILIES 
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Aeremgrks 


Varia tions in input characteris 


тіге result m base-current 
“hogging problem, Proper 
ораганоп not always guaran- 
teed. More susceptible 15 
noe because of low operating 
ant! signal voltages 


Very similar ta ЕСТІ, ftesistors 
resolve current “hogging” 
problem and reduce power 
dissipation. Момеџег, operat- 
ing speed iz reduced. 


| Though capacitors can increase 


speed capability, naise im- 
munity isatfected by capaci 
live coupling of noise signals, 


Wee of pull-up resistor and 
eharge-cantrol technique im- 
proves speed capabilities. 
Many уг тз af this circuit 
exist, each having specific ad- 
vamiages, 


Very similar ta OTL, Has lower 
parasitic capacity Al інілік. 
With ihe many existing varia- 
tions, Chis logic family is very 
pegaular. 


битиг ta a diffarential ampli- 


her, the reference voltage sets 
the threshold voltage, High- 
speed, high fanout apargtian 15 
possible wh associated high 
power gdissipatsan. Also known 
ағ ermittar-peupled (оде (ЕСЦ, 





Morg difficult manufacturing 
process retells in compromises 
ol active device characteristics 
and higher cast, 





Limited an switching speed com 
pared to bipolar Теа петог cir: 
guits because the MOS transis 
tor is a high-impedance device 
and cannot charge the stray 
Circuit capacitance quickly. 


CHARACTERISTICS OF DISPLAYS USED IN ELECTRONIC EQUIPMENT 





Display 
Technalogy 


Light emiting 
codes 


Liquid érystal 
displays 


Gas 
discharge 


Incandescant 


Averaga 
Viewing Алое 


Mad. brighi 
washout in 
sunlight) 


Highcontrast, 
no 


lurmnanze 


Very bright 


Vacuum Bright 


Pypre al 
Current 


Alequiremertt 


150° 
(magrnibyrng 
lans cuts 
down angle) 


$0 to 150* 


Typical 
Voltage 
Haaguiremaent 


150mA 10 
2А 


19 to 17 
тА 


400 to 850 
m 


Typical 
Operating 
Гатрегагигех 


135 10 2500 


Relate 
Brigtiness 


0 јо 7096 | 
– 55 | 
to 100°C 


Durability 


Rugged, по 
5:вакаБа 
parts 


Glass 
construction 


(3as-Filled 
glass 
construction 


Glass and 
Ilamants 
С ГСН 
subject іс 
shock 


vacuum- tube 
dewice, glass 
consiruction 


Colors available 
(basic 
РОМЕ source; 


Бад, orange 
yellow, green 


Black on 
while 
[бг reverse) 


Orange 


White, 
Iitarabie 1% 
most colors 


Bright-graen 
Шаға 10 
many colors 


Tlucresoceani 


{From Electronic Products, June, 1982, courtesy of Electronic Products.) 
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DEFINITIONS OF INTEGRATED CIRCUITS, LOGIC, AND MICROELECTRONICS TERMS 


Abrading едш equipment This type of equipment fires a gas propelled stream of finely graded abrasive particles through a 
precise nozzle against the work surface, When linked to abrading equipment, it can cut intricate patterns in silicon 
semiconductors. | 

Abrasive trimming Trimming a film resistor to its nominal value by notching the resistor surface with a fine adjusted stream 
of abrasive material such as aluminum oxide. 

Access time Time required in a computer to move information from memory to the computing mechanism. 

Activating A treatment which renders nonconductive material receptive to electroless deposition. 

Active elements Those components in a circuit which have gain or which direct current flow: diodes, transistors, SCA's, 
etc. 

Active substrate A substrate for an integrated component in which parts display transistance. Examples are single crystals 
of semiconductor materials, within which transistors and dlodes are formed. 

A.D.converter Analog-to-digital converter; a circuit which accepts information in a continuously varying ac or dc current or 
voltage and whose output is the same information in digital form. 

Adder Switching circuits which combina binary bits to generate the SUM and CARRY of these bits. Takes the bits from the 
two binary numbers to be added (ADDEND and AUGEND) plus the CARRY from the preceding less significant bit and 
generates tha SUM and the CAHRY. 

Address Noun: alocation, either name or number, where information is stored in a computer. Verb: to select or pick out the 
location of a stored information set for access. 

Alloy junction A junction produced by alloying one or more impurity metals to a semiconductor. A small button of impurity 
metal is placed at each desired location on the semiconductor wafer, heated above its melting point, and cooled. The impurity 
metal alloys with the semiconductor material to form a p or n region, depending on the impurity used. 

Alternate print In screen printing, one squeegee print stroke per substrate in alternate directions. 

Alumina Aluminum oxide (А1,0,) used as а ceramic substrate material. 


Align To put into proper relative position, agreement, or coordination when placing parts of a photomask together or 
placing a photomask over an etched pattern in the oxide on a semiconductor wafer, 

Alignment The accuracy of coordination or relative position of images on a semiconductor oxide coating and on the 
photomask, or any other images placed in relation to those. 


"AND" A boolean logic expression used to identify the logic operation wherein given two or more variables, all must be 
logical "1" for the result to be logical "1." The AND function is graphically representad by the dot (") symbol. 

Angle of attack In screen printing, angle at which the squeegee blade attacks the screen surface. 

Anticipated carry adder А parallel ADDER in which each stage is capable of looking back at all ADDEND and AUGEND bits 
af less significant stages and deciding whether the less significant bits provide a "О" ога "1" CARAY IN. Having determined the 
CARRY ІМ it combines it with its own ADDEND and AUGEND to give the SUM for that bit or stage. Also called FAST ADDER or 
look ahead CARRY ADDER. 

Arrays Integrated circuils designed to perform near or actual subsystem operations. They are characterized by high 
complexity and component density. Each array package replaces a number of conventional |/Cs, Arrays are classified as 
medium-scale or larger-scale according to function performed. They can be monolithic or fabricated on a silicon wafer with 
interconnections between circuits. 

Artwork The original pattern or configuration produced at an enlarged ratio, from which a circuit product is made, using a 
technique of photographic reduction to achieve microelectric scale; layouts and photographic films created to produce thick 
film screens and thin film masks. 

As-fired Description of properties of ceramic substrates (smoothness) or thick film resistors (values) as they emerge from 
furnace processing, before any trimming or polishing. 

Asynchronous inputs Those terminals in a flip-flop which can affect the output state of the flip-flop independent of the clock. 
Called Set, Preset, Reset or DC Set and Reset, or clear. 

Back bonding Bonding active chips to the substrate using the back ofthe chip, leaving the face with its circuitry face up. The 
opposite is face down bonding. 

Backfill Filling an evacuated hybrid circuit package with dry inert gas prior to hermetric sealing of the package. 
Bake-cut Elevated temperature process which evaporates unwanted gases and moisture before final sealing of a hybrid 
circuit package. 

Ball bond Туре of thermocompression bond wherein a ball shaped end interconnect wire is flattened against a metallized 
pad, 

Basic logic diagram A logic diagram that depicts logic funclions with no reference to physical implementations. It consists 
primarily of logic symbols and is used to depict all logic relationships as simply and understandably as possible. Nonlogic 
functions are not normally shown. 

Beam leads A generic term describing a system in which flat, metallic leads extend beyond the edges of a chip component, 
much the same as wooden beams extend from a root overhang. These are used to interconnect the component to film circuitry. 
Beryllia Beryllium oxide ceramics (BeO) significant in that they have high thermal conductivity characteristics. 

Binders substances added to unfired substrates and thick fiim compounds to add strength. 
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Binary coded decimal (BED) A binary numbering system for coding decimal numbers in groups of 4 bits. The binary value of 
these 4-bit groups ranges from 0000 to 1001 and codes the decimal digits "О" through 9. To count to 9 takes 4 bits; to count to 
99 takes two groups of 4 bits; to count to 999 takes three groups of 4 bits. 

Binary logic Digital logic elements which operate with two distinct states, The lwo states are variously called true and false, 
high and law, on and off, or " 1" and "0." In computers they are represented by two diferent voltage levels. The level which is 
more positive tor less negative) than the other is called the high level, the other the low level. If the true ("1") level is the most 
positlve voltage, such logic is referred to as positive true or positive logic. 

Bistable element Another name for flip-flop. A circuit in which the output has two stable slates (output levels "0" or "1") and 
can be caused to go to either of these states by input signals, but remains in that state permanently after the input signals are 
removed. This differentiates the bistable element from a gate also having two output states but which requires the retention of 
the input signals to stay in a given state. The characteristic of two stable states also differentiates it from a monostable element 
which keeps returning to а specific state, and an astable element which keeps changing from one state to the other. 

Bit А synonym for binary numeral. Also refers to a single binary numeral in a binary word. 

Bleeding In photomasking, poor edge definition or acuity caused by spread of image onto adjacent areas. 

Blister A lump ог raised section of a conductor or resistor caused by out-gassing of the binder or vehicle during firing. 
Beat A container for materials to be evaporated or fired. 

Bond liftoff Тһе failure mode whereby the bonded lead separates fram the surface to which it was bonded. 
Bond-to-bond distance The distance measured from the bonding site on the dia to the bond impression on the post, 
substrate land, or fingers which must be bridged by a bonding wire or ribbon. 

Bond-to-chip distance In beam lead bonding, the distance from the heel of the bond to the component. 

Bonding pad А metallized area at the end of a thin metallic strip or on a semiconductor to which a connection is made. Also 
called Bonding Island. 

Bonding ribbon and tape Bonding ribbon and tape are used in the manufacture of high-volume ICs such as memory devices 
and consumer products, Wire conneclions between | /O pads on the circuit die and the lead frame are replaced by a piece of 
tape with finely etched fingers that are patterned to fit exactly onto the pads. 

Bonding wire Fine gold or aluminum wire for making electrical connections in hybrid circuits between various bonding pads 
on the semiconductor device substrate and device terminals or substrate lands. 

Boolean algebra The mathematics of logic which uses alphabetic symbols to represent logical variables and "1" and "0710 
represent states. There are three basic logic operations in this algebra: AND, ОН, and NOT. (Also see NAND, NOR, Invert 
which are combinations of the three basie operations.) 

Bubble memories In general, magnetic bubble memory systems consist of a film deposited on a garnet substrate. Data is 
stored in magnetic domains (bubbles) which are formed on the film by the application of a perpendicular magnetic field. 
Buffer А circuit element, which is used to isolate between stages ог handle a large fanout or to convert input and output 
circuits for signal level compatibility. 

Bumpchip ^ Achipthathason its termination pads a bump of solder or other bonding material that is used to bond the chip to 
external contacts, 

Витр contact А large area contact used for alloying directly to the substrate of a chip, for mounting or interconnecting 
purposes. 

Buried layer А heavily doped (N+) region directly under the N doped epitaxial collector region of transistors in a monolithic 
integrated circuit used ta lower the series collector resistance. | 

Burn-in Operation of electronic components often at elevated temperature, prior to their ultimate application in order to 
stabilize their characteristics and to identify their early failures. 

Burn-in, dynamic High temp test with device(s) subject to actual or simulated operating conditions. 

Burn-in, static High ternp test with device(s) subjected to unvarying voltage rather than to operating conditions; either 
forward or reverse bias. 


Camber In screen printing, a slight rise or curve in the surface of the substrate. 
Carriage Mechanism on a screen printer to which the workholder is attached, which conveys the substrate to and from the 
print position. 


Carriers Holders for electronic paris and devices which facilitate handling during processing, production, imprinting, or 
testing operations and protect such parts under transport. 

Ceramic Non-metallic and inorganic material (e.g., alumina, beryllia, or steatite) used in microslectric substrates and 
component parts. 

Cermet A combination of ceramic and metal powders used for thin and thick film resistors. 

Chip А single substrate on which all the active and passive circuit elements have been fabricated using one or all of the 
semiconductor techniques of diffusion, passivation, masking, photoresist, and epitaxial growth. A chip is not ready for use until 
packaged and provided with external connectors. The term is also applied to discrete capacitors and resistors which are small 
enough to be bonded to substrates by hybrid techniques. 

Chip and wire А hybrid technology exclusively employing face-up-bonded chip devices interconnected to the substrate 
conventionally, i.a., by flying wires. 

Chip architecture The design or structure of an IC chip, incorporating arithmetic logic unit, registers, and control-bus 
pathway configuration. 
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Chip capacitors Discrete devices which introduce capacitance into an electronic circuit, made in tiny wedge or rectangular 
shapes to be fired onto hybrid circuits. 

Chip component Anunpackaged circuit element (active or passive) for use in hybrid microelectronics. Besides ICs, the term 
includes diodes, transistors, resistors, and capacitors. 

Chip-outs Semiconductor die defects where fragments of silicon on the face have been chipped off in processing, leaving 
an active junction exposed. | 

Circuit The interconnection of a number of devices in one or more closed paths to perform a desired electrical or electronic 
function. 

Clear room A work station or processing area in which steps are taken (e.g., air filtering) to protect incomplele circuits from 
dust and contamination. 

Clear — Anasynchronous input. Also called Reset. To restore a memory element or flip-flop to а "standard" state, forcing the 
Q terminal to logic "0." 

Clearance The shortest distance between the outer edges of images applied in sequence. 

Clock A pulse generator which controls the timing of computer switching circuits and memory stages end regulates the 
speed al which the computer central processor operates. | serves to synchronize all operations in a digital system. 
Clockinput = Thatterminalon а flip-flop whose condition or change of condition controls the admission of data into a flip-flop 
through the synchronous inputs and thereby controls the output state of the flip-flop. The clock signal performs two functions: 
(1) It permits data signals to enter the flip-flop; (2) after entry, it directs the flip-flop to change state accordingly. 

СМІ (Current Mode Logic) Logic in which transistors operate inthe unsaturated mode as distinguished from most other logic 
types which operate in the saturation region. This logic has very fast switching speeds and low logic swings. Also called ECL ог 
МЕСІ. 

CMOS Complementary metal-oxide semiconductor. Device formed by the combination of a PMOS and an NMOS (P-type 
and N-type channel semiconductors). 

Co-fire То place circuits onto an unfired ceramic and fire both circuits and ceramic simultaneously. 

Collecter junction The semiconductor junction in a transistor between the collector and base regions. 

Collacator Device used to collect substrates from a screen printer and deposit them, in rows, onto a conveyor /dryer or 
furnace belt. 

Compliant bend A bond which uses an elastically and /or plastically deformable member to import the required energy to 
the lead. 

Component A packaged functional unit consisting of one or more circuits made up of devices, which (in turn) may be part of 
an operating system or subsystem. A part of, or division of, the whole assembly or equipment. 

Component pari A term sometimes used 10 denote а passive device. 

Component placement equipment Automatic systems for sorting and placing components onto hyhrid circuit substrates: 
consisting of Indexing-conveyor, sorter, placement heads, missing component detector, programmable electro-pneumatic 
control, and options to handie special requirements, 

Соп/агуег Process equipment designed to receive screen printed substrates and dry the ink оп the substrate while 
conveying them away. 

Contact printing Print mode in screen printing wherein entire substrate contacts bottom surface of screen during print cycle. 
Necessary when using metal masks. 

Contaminant An impurity or foreign substance present in a material that affects one or more properties of the materiai. 
Cosmetic defect A variation from the conventional appearance of an item, such as a slight change in color: not necessarily 
detrimental to performance. 

Corrosion In semiconductors, a defect in or on the aluminum metallization, usually a white crystalline growth. 

Counter A device capable of changing states in а specified sequence upon receiving appropriate input signals. The output 
of the counter indicates the number of pulses which have been applied. (See also Divider.) A counter is made from flip-flops 
and some gates. The output of all flip-flops are accessible to indicate the exact count at all times. 

Counter, hinary An interconnection of flip-flops heving a signal input so arranged to enable binary counting. Each time a 
pulse appears atthe input, the counter changes state and tabulates the number of input pulses for readout in binary form. It has 
a 2" possible counts where п is the number of flip-flops. 

Counter, ring A spacial form of counter sometimes called a Johnson or shift counter which has very simple wiring and is fast. 
It forms a loop or circuits of interconnected flip-flops so arranged that only one is "0" and thet as input signals are received, the 
positioning of the "D" state moved in sequence from one flip-flop to another around the сор until they are all "0," then the first 
one goes to "1" and this moves in sequence from one flip-flop to another until all are "1." it has 2x npossibla counts where n is 
the number of flip-flops. 

Cover lay, cover coat Outer layer(s) of insulating material applied over the conductive pattern on the surface of the 
substrate, 

Crazing Minute cracks on or near the surface of materials such as ceramic. 

Data Term used to donote facts, numbers, letters, symbois, binary bits presented as voltage levels in a computer. In a 
binary system data can only be "0" or "1." 

ІСТІ. (Direct-Coupled Transistor Logic) Logic employing only transistors as active circuit elements. 

Debug To remove malfunctions from a system or device. 
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Decimal A system of numerical representation which uses ten numerals 0, 1, 2, 3,...,9. Each numeral is called a digit. A 
number system to the radix 10, 

Defect Апу deviation from the normally accepted characteristics of a product or component. 

Delay The slowing up of the propagation of a pulse either intentionally, such as to prevent inputs fram changing while clock 
pulses are present, or unintentionally as caused by transistor rise and fall time pulse response effects. 

Detailed logic diagram A diagram that depicts all logic functions and also shows nonlogic functions, socket locations, pin 
numbers, test points, and other physical elements necessary to describe the physical and electrical aspects of the logic. The 
detailed logic diagram is used primarily to facilitate the rapid diagnosis and localization of equipment malfunctions. It also is 
used to verify the physical consistency of the logic and ta prepare fabrication instructions. The symbols are connected by lines 
that represent signal paths. 

Detritus Fragments of material produced during resistor trimming which remain in the trimmed area. 

Device Тһе physical realization of an individual electrical element in a physical independent body which cannot be further 
reduced or divided without destroying its stated function. This term ls commonly applied to active devices. Examples are 
transistors, pnpn structures, tunnel diodes, resistors, capacitors, and inductors. 

Diamond powders, grits, and compounds These materials are used mainly as abrasives for processes such as lapping and 
polishing, abrasives in abrasive trimming, or to create the cutting surface of slicing equipment. 

Die А tiny piece of semiconductor material, broken from a semiconductor slice, on which one or more active electronic 
components are formed, (Sometimes called chip). 

Die bonding Attaching the semiconductor chip to the substrate, with an epoxy, eutectic, or solder alloy. 

Dielectric isolation The use of silicon dioxide barriers created during silicon IC processing to provide isolation between 
components on a chip. 

Diffusion А process, used in the production of semiconductors, which introduces minute amounts of impurities into a 
substrate material such as silicon or germanium and permits the impurity to spread Into the substrate. The process is vary 
dependent on temperature and time. 

Diffusion and oxidation systems Equipment in which non-conductive materials are made semiconductive by diffusing 
controlled amounts of selected impurities into the surface and the surface of silicon is oxidized selectively to provide а 
protective or insulative layer. Diffusion and oxidation are accomplished by exposing the silicon wafer to specific atmospheres 
in a high temperature furnace. 

Diffusion depth testing A diffusion depth tester determines to what depth diffused impurities have been implanted into a 
wafer under ion implantation, 

Digital circuit =A circuit which operates in the manner of a switch, that is, it is either "on" or "off." More correctly should be 
called a binary circuit. 

Diode A device permitting current to flow in one direction only. Diodes are used in logic circuits to control the passage or 
nonpassage of a signal from one element to another. 

Discrete Having an individual identity. Fabricated prior to installation, and /or separately packaged, not part of an 
integrated circuit. 

DIP Dual in-line package, 

Discrete circuits Electronic circuits built of separate, individually manufactured, tested, and assembled diodes, resistors, 
transistors, capacitors, and other specific electronic components. 

Discrete component A circuit component having an individual identity, such as a transistor, capacitor, or resister, 
Divider (Frequency) A counter which has a да па structure added which provides an output pulse after receiving a specified 
number of input pulses. The outputs of all flip-flops are not accessible. 

Dopants Selected impurities introduced into semiconductor substrates in controlled amounts, the etoms of which form 
negative (n-type) and positive (p-type) conductive regions. Phosphorus, arsenic, and antimony are n-type dopants for silicon; 
boron, aluminum, gallium, end indium are p-type dopants for silicon. 

Doping Addition of controlled impurities to a non-conductive material to achieve the desired semiconductor characteristic, 
accomplished through thermal diffusion or ion implantation. 

Dot “AHD” Externally connecting separate circuits or functions so that the combination of their outputs results in an "АМО" 
function. The point at which the seperate circuits are wired together willbe a 71" if all circuits feeding into this point are "1" (also 
called WIRED "OR"). 

Dot "OR" Externally connecting separate circuits or functions, so that the combination of their outputs results in an "OR" 
function. The point at which the separate circuits are wired together will be a "1" if eny ofthe circuits feeding into this point ere 
ЊЕ E 

Driver Ап element which is coupled to the output stage of a circuit in order to increase its power or current handling 
capability or fanout; for example, a clock driver is used to supply the current necessary for а clock line. 

BTL (Diode-Transister Logic) Logic employing diodes with transistors used only as inverling amplifiers. 

Dual-in-line package (DIP)) Carrier in which a semiconductor integrated circuit is assembled and sealed. Package consists 
of a plastic or ceramic body with two rows of seven vertical leads which are inserted into a circuit board and secured by 
soldering. 

Durometer An instrument for measuring the hardness of the squeagee material for screen printing. 

ECL Emitier-coupled logic; a type of current mode logic in which the circuits are coupled with one another through emitter 
followers at the input or output of the logic circuit. 
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Ejection Wipe olf or removal of the printed part fram the workholder, in screen printing. 

Electrical element The concept in uncombined form of the individual building blocks from which electric circuits are 
synthesized, 

Electron beam bonding Process using a stream of elactrons to heat and bond two conductors within а vacuum. 
Electron beam lithography Lithography in which the radiation sensitive film or resist is placed in the vacuum chamber of a 
scanning beam electron microscope and exposed by an electron beam under digital computer control, 

Electron beam welding Process in which welder generates a stream of electrons traveling at up to 60% of the speed of light, 
focuses it fo a small, precisely controlled spot in a vacuum, and converts the kinetic energy into extremely high temperature оп 
impact with the workpiece. 

Emitter The region of transistor from which charge carriers (minority carriers in the base} are Injected into the base. 
Enable | Topermitanaction or the acceptance or recognition of data by applying appropriate signals (generally а logic "1" in 
a positive logic) to the appropriate input. (See Inhibit.) 

Encapsulate To embed electronic components or other entities in a proteclive coating, usually done when the plastic 
encapsulant is in fluid state so that it will set in solid form as an envelope around the work. 

Entrapment The damaging admission and trapping of air, flux, and fumes, caused by contamination and plating process 
defects. 

Epitaxial Perlaining to a single-crystal layer on a crystalline substrate, and having the same crystalline orientation as the 
substrate: e.g., silicon etoms condensed from vapor phase onto a silicon-wafer substrate. 

Epitaxial growth А process of growing layers of material on a selected substrate. Usually silicon is grown in a silicon 
substrate. Silicon and other semiconductor materials may be grown on a substrate with compatible crystalography, such as 
sapphire (silicon-on-sapphire}. 

Epitaxial layer А precisely doped, thin layer of silicon grown on a p-doped thick wafer and into which n-type semiconductor 
junctions are diffused. 

EPROM Electrically programmable read only memory. 

Etch factor The ratio of depth of etch to the amount of undercut. 

Exclusive "DR" A logical function whose output is "1" if either ofthe two variables is "1" butwhose output $ "0" if both inputs 
are "1" or both are "0." 

Exposure Тһе act of subjecting photosensitive surfaces or matter to radiant energy such as light to produce an Image. 
Evaporation and sputlaring materials Metals used for evaporation charges and sputtering targets, including: chromium and 
ils alloys, for (1) ат adhesive layer on IC substrates to allow better deposition of gold or other metal, (2) resistor material, and 
(3) vacuum deposition in mask production; aluminum and certain Al alloys, far first layer deposition in MOS technology; 
molybdenum, as a conductor or adhesive layer for iC fabrication; and titanium, as an intermediate adhesive layer for 
beam-lead interconnection. 

Evaporation sourcas Boats and filaments used as heat sources for vacuum evaporation to form thin film layers on 
substrates. The process is frequently done by resistively heating the evaporant in a ceramic crucible or by self-heating or boats 
constructed of tungsten, molybdenum, or tantalium. 

Extrinsic properties Properties introduced into a semiconductor by impurities with a crystal. 

Extrinsic semiconductor Тһе resulting semiconductor produced when impurities are introduced into an otherwise non- 
semiconductor crystal. The electrical properties depend upen the impurities. 

Face bonding Process of bonding semiconductor chip so that its circuitry side feces the substrate. Flipchip and beam lead 
bonding are two common methods. (Opposite of back bonding.) 

Fall time А measure of the time required for the output voltage of a circuit to change from a high voltage level to a low 
voltage level once a level change has started, Current could also be used as the reference, thatis, from a high current toa iow 
current level, 

Fanirt The number of inputs available to a specific logic stage of function. 

Fanout Тһе number of input stages that can be driven by a circuit output. 

Fast ADDER (See Anticipated САННҮ ADDER.) 

FEB (Functional Electronic Block) Another name for a monolithic integrated circuit of thick-film circuit. 

Feedback When рай of the output of a circuit is channeled back to an input, it [5 said to have feedback. When part of the 
output of an amplifier is routed back to augment the input signal, the amplifier has positive feedback or if thls rechanneling is 
employed to diminish the input it is called negative feedback. 

FET Field effect transistor; semiconductor device in which resistance between source and drain terminals is modulated by 
a fieid applied to the third (gate) terminal. 

Film conductor Electrically conductive material formed by deposition on a substrate. 

Film microcireuit Thin or thick film network forming an electrical interconnection of numerous devices. 

Film resistor A device whose resistive material is a film on an insulator substrate; resistance value is determined by 
trimming. 

Final seal The hybrid microelectronic packaging step which encloses the circuit so that further пете! processing cannot 
be pertormed without disassembly. 

Flatpack subassembly composed of two or more stages made up of integrated circuits and thin film components mounted 
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on a ceramic substrate. This semiconductor network is enclosed in a shallow rectangular package with the connecting leads 
projecting from edges of the package. 

Flip-chip A generic term describing a semiconductor device having all terminations on one side of the form of bump 
contacts. After the surface of the chip has been passivated or otherwise treated, it is flipped over for attaching to a matching 
substrate. 

Flip-flop {storage element) A circuit having two stable states and the capability of changing from one state to another with the 
application of a control signal and remaining in that state after removal of signals. (See Bistable element.) 

Flip-flop, ^D" D stands for delay. A flip-flop whose output is a function of the input which appeared one pulse earlier; for 
example, if a "1" appeared at the input, the output after the next clock pulse will be a "1." 

Flip-flop, "I- K" A flip-flop having two inputs designated J and К. At the application of a clock pulse, a "1" on the "J" input and 
а "O" on the "K" input will set tha flip-flop to the "1" state; а "1" on the "К" input and а "0" on the “J” input will reset it to the "0" 
state; and "1's" simultaneously on bath inputs will cause it to change state regardless of the previous state. J = Оапак = 0 
will prevent change. 

Flip-flop, "R-S" A flip-flop consisting of two cross-coupled МАМО gates having two inputs designated "А" and "S," A" 1" on 
the "S" input and "0" on the "А" input will reset (clear) the flip-flop to the “0” state, апа "1" on the "А" input and "0" on the "5" 
input will set it to the "1," It js assumed that 075" will never appear simultaneously at both inputs. If both inputs have “175” it will 
stay as it was. "1" is considered nonactivating. A similar circuit can be formed with NOR gates. 

Flip-flop, "R-S-T" A flip-flop having three inputs, "В," "S," and "T." This unit works as the "R-S" flip-flop except that the "T" 
input is used to cause the flip-flop to change states. 

Flip-flop, "T" А flip-flop having only one input. A pulse appearing on the input will cause the flip-flop to change states. Used 
in ripple counters. 

Floating squeegee This squeegee, as opposed to a rigid squeegee, has the ability to produce а госкта movement on the 
horizontal plane in screen printing. 

Flood stroke Return stroke of squeegee in screen printing which redistributes ink back over the pattern. Provides for proper 
ink control, and is especially useful for thixotropic inks. (See "Print Stroke") 

Fluid flow masking A gold electro-plating technique in which the work to be plated is the cathode and current flows through 
the fluid stream of plating material, allowing control of deposit at the point of contact between the stream and the workpiece. 
Furnaces, diffusion and firing Systems designed for enclosed elevated tempereture processing of solid state devices and 
systems, in gaseous atmospheres. Diffusion furnaces are operated attemperatures from 1,000 to 1300^C to achieve doping of 
semiconductor substrates, by one of a number of processes. Oxidation is a process that puts a protective layer of silicon oxide 
on the wafer and is used either as an insulator or to mask out certain ereas when doping. Deposition systems, of which there 
are three (liquid, gaseous, solid), are used to deposit impurities on the silicon wafer. Other systems include a drive-in system 
used to diffuse impurities into the wafer to e specified level, and en alloy system which is used in a final step of the metallization 
process. Firing furnaces are used for the curing of multilayer ceramics for integrated electronics and for the firing of thick film 
materials on microcircuits. 

Furnace, screen printing Process equipment designed to cure substrates after screen printing and drying. 

FULL ADDER see Adder. 

Gate 1. A circuit having an output and a multiplicity of inputs designed so that the output is energized only when a сепаіп 
combination of pulses is present at the inputs. An AND-gate dellvers an output pulse only when every input is energized 
simultaneously in a specified manner. An OR-gate delivers an output pulse when апу one or more of the pulses meet the 
specified conditions. 2. An electrode in a field effect transistor. 3. A circuit that admits and amplifies or passes a signal only 
when a gating (triggering) pulse is present. 4. A circuit in which one signal serves to switch another signal on and он. 


Gate definitions below assume positive logic 


Gate, AMD All inputs must have “1” level signals at the input to produce a "1" level output. 

Bate, NAND All inputs must have "1" level signals at the input to produce a "0” level output. 

Gate, NOR Any one input or more than one input having е “1” level signal will produce a "0" level output, 

Gate, OR Any one input or more than one input having a "1" level signal will produce a "1" level output. 

Gates (decision elements) A circuit having two or mora inputs and one output. The output depends upon the combination of 
logic signals et the input. 

Germanium polycrystalline A prime raw material for making crystal ingots. 

Glassivation A deposited layer of glass on top of a metallized wafer or chip; primarily a protective layer. 

Glazed substrate Ceramic substrate with a gless coating to effect a smooth end nonporous surface. 

Green ceramic Unfired ceramic material. 

Green substrate Unfired material in substrate form. Normaily substrates are printed alter firing. Under special cir- 
cumstances, however, green (unfired) substrates are printed. 

Half ADBER А switching circuit which combines binary bits to generate the SUM and the CARRY. It can only take in the two 
binary bits to be added and generate the SUM and CARRY (see also ADDER). 

Half shift register Another name for certain typas of flip-flops when used in a shift register. It takes two of these to make one 
stage in a shift register, 
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Header Base of a hybrid circuit package, holding the leads. 

High See Binary logic. 

Higli temperature reverse hias Burn-in type test of diodes and transistors conducted with the junctions reverse blased to 
effect any failure due to ion migration in bonds of dissimilar metals 

Hole A mobile vacancy or electron deficiency in the valence structure of a semiconductor. It is equivalent to a positive 
charge. 

НТЕВ High temperature reverse bias. 

Hybrid А method of manufacturing integrated circuits by using a combination of monolithic, thin-film and thick-film 
techniques. 

IC Integrated circuit. 

ІС socket Female contact which provides pluggable electrical engagement on its inner surface for integrated circuit 
components to achieve interfacing to a PCB. 

Image/pattern The printed screen or design on the substrate after screen printing. 

Inhibit To prevent an action, or acceptance of data, by applying an appropriate signal to the appropriate input {generally а 
logic "0" in positiva logic). (See Enable.) 

Ink In hybrid technology the conductive paste used on thick film materials to form the printed conductor pattern. Usually 
contains metals, metal oxide, giass frit, and solvent, 

Input/output Interface circuits or devices offering access between external circuits and the central processing unit or 
тегпогу. 

integrated circuit (EIA definition) (1) "The physical realization of a number of electrical elements inseparably associated on 
or within a continuous bady of semiconductor material ta perform the functions of a circuit." (See Slice and Chip.) (2) Elactronic 
circuits or systems consisting of an interconnected array of extremely small active and passive elements, inseparably 
associated on or within a continuous substrate or Бобу. Other names are intagrated electronic circuit, integrated electronic 
system, and Integraied microcircuit. 

Integrated injection logic integrated circuit logic which uses bipolar transistor gates. Makes possible large scale integration 
on silicon for logic arrays and other analog and digitai applications. 

Inverter A circuit whose output is always in the opposite state from the input. This is also called a NOT circuit. (А 
teeter-totier [$ a mechanical inverter.) 

HO Input ‘output, 

lon implantation Precise and reproducible methed of doping semiconductors to achieve а desired characteristic. lons ofthe 
particular dopant are energized and accelerated їо the point where thay can be driven in a focused beam directly inte the silicon 
wafer. This tachnique assures uniform, accurately controlled depth of implantation and ionic diffusion in the wafer, 

lon milling lon milling is a VLSI production technique that perlorms many of the same type of tasks that more traditional wet 
chemical and plasma etching processes do, 

[SHM Тһе International Society for Hybrid Microelectronics. 

Isalation diffusion In МІС technology, the diffusion step which generates back-to-back junctions to isolate active devices 
from one another. 

Josephson effect The tunneling of electron pairs through a thin insulating barrier between two superconducting materials. 
Junction A joining of two different semiconductors or of semiconductor and metal. Alloy, diffused, electrochemical, and 
grown are the four junction types. 

Kerf The slit or channel cut in a resistor during trimming by laser beam of abrasive jet. 

Laminar flaw A directed stream of filtered air moved constantly across a clean work station, usually parallel to the 
workbench surface. 

Land area in image Closed spaces in the screen which result in open spaces on the printed image in screen printing. 
Lapping Grinding and polishing such products as semiconductor blanks in order to obtain precise thick- 
nesses or axiremely smooth, flat, polishing surfaces. 

Large-scale integration (ESI) Usually denotes arrays of integrated circuits on a single substrate that comprise 100 or more 
individual active circuit functions or gates. 

Laser bonding A process which forms a metal-to-metal fastened union, using a laser heat source to join conductors. 
Laser trim The adjustment (upward) of a film resistor value by applying heat from a focused laser source to remove 
material. 

Laser welding Process in which thermal energy released by a laser impinging upon the surface of a metal is conducted into 
the оик of the metal могк-реса by thennal conduction, bonding component leads to highly conductive materials such as 
Copper printed circuitry. 

Lead frame The metal part of a solid state device package which achieves electrical connection between the die and other 
parts of the systems of which ће С is a component. Large scale integrated circuits are мое onto lead frames in such a way 
that leads are available to facilitate making connections to and from the various solid state devices to the packages. 
Leadless inverted device (LID) A shaped, metallized ceramic form used as an intermediate carrier for the semiconductor chip 
devices, especially adapted for atlachment to conductor lands of a thick or thin film network by reflow solder bonding. 
Leak detectars Applied only to hermetic devices, fine leak detectors аге used to detect defects [п sealing that are too small 
to be detected by gross-leak methods. Devices are placed in a bomb pressurized with a mixture of gases. 
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ЦВ Leadless inverled device. 

Life aging Burn-in test which moderates the elevation of temperature and extends the time period in order to test overall 
device quality as opposed to infant mortality. | 
Linear circuit A circuit whose output is an amplified version of its input, or whose output is a predetermined variation of its 
input. 

(егіс А mathematical arrangement using symbols to represent relationships and quantities, handled іп а microelectronic 
network of switching circuits or gates, which perform certain functions; also, the type of gate structure used in part of a data 
processing system. 

Logic diagram A picture representation for the logica! functions of AND, OR, NAND, NOR, NOT, 

Logic function A combinational, storage, delay, or sequential function expressing a relationship between variable signal 
input(s) to a system or device and the resultant output(s). 

Logic swing The voltage difference between the two logic levels "1" and "0." 

Logic symbol The graphic representation of the aggregate of all the parts implementing a logic function. 

Low See Binary logic. 

LSI Large scale integration. 

Magnetic integrated circuit The physica! realization of one or more magnetic elements inseparably associated to perform 
all, or at leest a major portion, of its intended function. 

Masks, microeiectronic Thin metals or other materials with an open pattern designed to mask off or shield selected portions 
of semiconductors or other surfaces during deposition processes. There aiso are photomasks or optical masks for contact or 
projection printing of wafers—thesa may usa an extremely flat glass substrate with iron oxide, chrome, or emulsion coating. 
There also are thick film screen masks. 

Medium scale integration (MSI) Тһе physical realization of a microelectronic circuit fabricated trom a single semiconductor 
integrated circuit having circuitry equivalent to more than 10 individual gates or active circuit functions. 

Memory The semi-permanent storage of numbers, in digital form, in a circuit or system. With reference to compulers, the 
term also describes the storage capabilily or location and which receives and holds information for later use. Also, the storage 
arrangement, such as RAM or other type. 

Metallization The selective deposition of metal film ona substrate to form conductive interconnection between IC elaments 
and points tor connections with tha outside world. 

Metal-oxide-semiconductar (MOS) A metal over silicon oxide over silicon errangament which produces circuit components 
such as trensistors. Electrical characteristics are similar to vacuum tubes. 

MIC Monolithic integrated circuit. 

Micrabond The realization of a vary small fastened joint between conductors ог between a conductor and a microelectronic 
chip davice. 

Microcircuit The physical realization of a hybrid or monolithic interconnected array of very small active and passive 
electronic elements. 

Microelectronics The entire spectrum of electronic еп dealing with the fabrication of sophisticated, practical systems Using 
miniaturized electronic components. Microeleclronics has developed along two basic technologias—monolithic integrated 
circuits and hybrid integrated circuits. 

Microminiaturization The process of packaging an assembly of microminiature active and passive electronic elements, 
replacing an assembly of much larger and diferent parts. 

Micromodule А microcircuit constructed of a number of components (е.9., microwafers) and encapsulated to form a block 
that is still only a fraction of an Inch in any dimension. | 

Microprobe An extremely sharp and small exploring tool head attached to a positioning handle, used for testing microelec- 
tronic circuits by establishing ohmic contact. 

Microprocessor An IC package incorporating logic, memory, control, computer, and /or interface circuits, the whole of 
which is designed to handle certain functions. 

Microwave integrated circuit The physical realization of an electronic circuit operating at frequencies above one gigaherlz 
and fabricated by microelectronic techniques. Either hybrid or monolithic integrated circuit technology may be utilized. 
Minority carrier Theless-predominant carrier in a semiconductor. Electrons are the minority in p-type; holes are the minority 
in n-type semiconductors. 

Mobility. The ease with which charge carriers can move through a semiconductor. Generally electornics and holes do not 
have equal mobility in a given semiconductor. Mobility is higher in germanium than in silicon. 

Module A packaging unit displaying regularity and separable repetition. It may or may not be separable from other modules 
after initial assembly. Usually all major dimensions are in accordance with a prescribed set of dimensions. 

Molecular beam epitaxy equipment This equipment is used for growing epitaxial thin films under UHV conditions by directing 
beams of atoms or molecules created by thermal or electron beam evaporation onto clean, heated substrates. 

Molecular electronics Simply, electronics on a molecular scale, dealing with the production of complex circuitry in 
semiconductor devices with integral elements processed by growing multi-zoned crystals in a furnace for the ultimate 
performance of electrical functions. 

Monolithic Refers to the single silicon substrate in which an integrated circuit is constructed. (See Integrated circuit.) 
Monolithic integrated circuit The physical raalization of alectronic circuits or sub-systems from a number of extremely small 
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circuit elaments inseparably associated on or within a continuous body or a thin film of semiconductor material. 
Morphology, integrated The structural characterizetion of an electronic component In which the identity of the current or 
signal modifying areas, patterns, or volumes has become lost in the integration of electronic matarials, in contrast to an 
assembly of devices performing the same function. 

Morphology, translatianai Tha structural characterization of an electronic component in which the areas or palterns of 
resistive, conductive, dielectric, and active materials in or on the surface of the structure can be identified in а one-to-one 
correspondence with devices assembled to репотт an equivalent function. 

MOS Metal-oxide-semiconductor. A technology for producing transistors that incorporates metal over oxide over silicon 
layers. Electrical characteristics are similar to vacuum tubes. 

MSi Medium scale integration. 

MTNS Metal thick nitride semiconductor, which is similar to an MTOS device except that a thick sllican nitride or silicon 
nitride-oxide layer is used instead of Just plain oxide. 

MTOS Matal thick oxide semiconductor, where the oxide outside tha desired active gate area is made much thickar in order 
to reduce prablems with unwanted parasitic elfects. 

Multichip integrated circuit Hybrid integrated circuit which includes two ar more SIC. MSI, or LS! chips. 

Multilayer dielectric A compound including glass and ceramic which is applied as an insulating barrier between conductors 
for multi-layer and crossover work. 

“HAND” A Boolean logic operation which yields a logic “О” output when all logic input signals are logic "1." 

Negative logic Logic in which the more negative voltage represents the "1" state; the lass negative voltage represents the 
"0" state. (See Binary logic.) 

Nelwork A collection of elements, such as resistors, coils, capacitors, and sources of energy, connected together to form 
several interrelated circuits. 

NMOS N-channel MOS circuits, using currents made up of negative charges and producing devices at least twice as fast as 
PMOS, 

Noble metal paste A soft, moist, smooth compound made up partially of precious metals such as gold, platinum, ruthenium, 
ar others classed as noble metals, providing conductors in film circuitry. 

Noble system Thick fiim system using conductors of gold, platinum, and possibly palladium silver, or certain alloys of these 
precious metals. 

Noise immunity A measure of the insensitivity of a logic circuit to triggering or reaction to spurious or undesirable electrical 
signals or noise, largely determined by the signal swing of the logic. Noise can be either of two directions, positive or negative. 
Non-noble system Thick film system using conductors of copper, tungsten, nickel, molybdenum, and other non-noble 
metals. 

"NOR" A Boolean logic operation which yields a logic "0" output with one or more true "1" input signals. 

"NOT" A Boolean logic operation indicating negation, not " 1." Actually an inverter. tf inputs is "1" output is NOT "1" but "D," 
Ifthe при а "0" output is NOT "Û" but" 1." Graphically represented by а bar over a Boolean symbol such as А. А means "when 
А is not 1," 

n-Region The zone in a semiconductor in which electron density is greater than hole density. 

n-type Semiconductor material whose impurities produce free electrons in the compound, laading to conduction. 
n-type semiconductor Ап extrinsic semiconductor in which electron density exceeds hole density. An electron donor type. 
Üff-contact printing Print mode wherein screen printers squeegee stretches screen to touch the substrate and deposit ink. 
Usually 0.010" snap-off is used. Allows thicker ink deposition. 

Offset The change in input voltage required to produce a zero output voltage in a linear amplifier circuit. In digital circuits it Is 
the dc voltage on which a signal is impressed. 

Опе ("1") See Binary Logic. 

“ОВ” A Boolean logic operation used to Identify the logic operation wherein two ог more true "1" inputs only add to one true 
1" output, Only one input needs to be "true" to produce a "true" output. The graphical symbol for "OR" is a plus sign (+), 
Overglaze A glass compound in low-melting, vitreous form, used as a coating to passivate thick film resistors and offer 
mechanical protection. 

ОуеПар The contact area batween a film resistor and film conductor. 

Packaging The process of physically locating, connecting, and protecting devices or components. 

Packaging density The number of devices or equivalent devices per unit volume іп a working system or subsystem. 
Pad In IG technology, the bonding area. 

Parallel gap welding Type of resistance welding wherein electrodes contact the work from one side only, Mechanism by 
which bonding occurs is virtually always fusion. Process is wall suited to welding component leads to planar surfaces such as 
IC leads to PC conductors. 

Parallelity Relationship of screento work-holder and print head in screen printing. Each should be paralielto one another in 
order to print accurately. 

Parameter Any specific characteristic of a device. When considered together, all the parameters of a device describe its 
operational and physical characteristics. 

Parallel ^ This refers to the technique for handling a binary data word which has more than one bit. All bits are acted upon 
simultaneously. It is like the line of a football team. Upon a signal ai! line men act. (See also Serial.) 
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Parallel Adder А conventional tachnique for adding where the two ти ћи numbers are presented and added simultane- 
ously (parallel). A ripple adder is still a parallel adder; the carry is rippled from the least significant to the most significant bit. 
Another type of paralle! adder is the "Look Ahead," or “Anticipated Carry" adder. (Sea Ripple ADDER and Fast ADDER.) 
Parallel operation The organization of data manipulation within computer circuitry where all the digits of a word are 
transmitted simultaneously on separate lines In order to spead up operation, as opposed to serial operation. 

Particle impact noise detection (PIND) PIND testing equipment detects any loose foreign particles that may be present in a 
hermetic package. The package is placed on a shaker table where it is in intimata contact with an acoustic transducer that 
drives an ultrasonic amplifier. 

Parts handling Devices used to load and unload substrates during screen printing and drying operations. 

Passivation The growth of an insulating layer on the surface of a semiconductor to provide electrical stability by isolating the 
transistor surface from electrical and chemical conditions in the environment. It reduces reverse-current leakage, increases 
breakdown voltages, and improves the power-dissipation rating. 

Passive elements Riesistors, inductors, or capacitors, elements without gain. 

Passive substrate A substrate for an integrated component which may serve as physical support and thermal link to a thick- 
or thin-film integrated circuit, but which exhibits no transistance. Examples of passive substrates are giass, ceramic, and 
similar materials. 

Paste Synonymous with "composition" and "ink" when relating to screenable, thick film materials. 

Pattern/image The open агаа in the screen through which the ink penetrates to become the printed image on the substrate, 
in screen printing. 

Photnmask A square, flat glass substrate, coated with a photographic emulsion or a very thin layer of metal, on which 
appear several hundred circuit patterns (each containing thousands of images). The patlerns ara exposed onto semiconductor 
wafers. 

Photoresists and processing materials These are light sensitive materiels that are deposited as a uniform film on a wafer or 
substrate. The exposure of specific рейегп is performed through masking operations. 

Pinhole А minute hole through a layer or pattern. 

Planar process Fabrication of MICs and semiconductor devices using silicon dioxide as a masking agent and producing 
components on а single plane. 

Platen Plate which holds substrate during screen printing. 

Plating The deposition of a metal layer оп a substrate surface by electrolytical or certain chamical means. The materials 
include gold, copper, solder, etc. The functions of the meta! plate vary, including corrosion protection, зао ега у enhanca- 
ment, etch resist, bonding for lead frames, and electrical connection, among othars. 

РМ05 P-channel MOS: refers to the oldest type of MOS circuit where the electrical current is a flow of positive charges. 
Polishing A mechanical finishing operation conducted upon solid state substrates to achieve smoothness and desired 
зипасе qualities, See Lapping. 

Рптевізіліге Та coat and fire a metal with glass material, forming a hybrid circuit substrate. 

Positive горе Logic in which the more positive vollage represents the “1” stage. (See Binary logic.) 

Preset An input like the Set input and which works in parallel with the Set. 

Probing Atermused to describe electrical testing that employs very finely-tipped probes applied sequentially to each of the 
finished dice of a wafer. 

PROM Programmable read-only memory; a ROM which requires a progremming operation. 

Propagation delay A measure of the time required for a change in од! сјеме to be transmitted through an eiementor a chain 
of elements. 

Propagation time The time necessary for a unit of binary information (high voltage or low) to be transmitted or passed from 
one physical point in a system or subsystam to another. For example, from input of a device to output. 

p-type semiconductor An extrinsic samiconductor in which the hole density exceeds the conduction electron dansity. An 
electron acceptor type. 

Print stroke Stroke of the Squeegee in screen printing at which time ink is forced through tha patlern on the screen. 
Print-print Squeegee prints in both directions per substrate іп screen printing process. 

Printer Process unit designed to accept, hold, and screan print a substrate in order that ink may be applied with extremely 
accurate and repeatable registration. 

Pulse A signal of very short duration. 

Ригрја plague Defact-causing formation of gold-aluminum chemical compounds often produced when goid and aluminum 
are bonded. Purple in color, brittle, subject to degenerative failure, and sometimes compounded by іпсіиѕюп of silicon. 
Qoutput | Thareferenca outputof a flip-flop. When this output is "1" the flip-flop is said to be inthe "1" state; when it is "0" the 
output is said to be in the “0” state. (See also State and Set.) 

û output The second output cf a flip-flop. It is always opposite in logic level to tha Û output. 

RAM Random access memory; a type of memory which offers access to storage locations within it by means of X and Y 
coordinates. 

ЕСТІ (Resistor-Capacitor-Transistor-Logic) Same as ATL except that capacitors are used to enhance switching speed. 
Register A device which can store information, usually that contained in a small subsetor word of the total within a digital 
computer system. 
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Registration The degree of proper alignment of a circuit pattern on the substraie. 

Resist Material such as ink, paint, or metallic plating, used to protect the desired portions of the printed conductive pattern 
from the action of the etchant, solder, or plating. 

Reset Also called clear. Similar to Set except it is the input through which the О output can be made to go to “0." 
Rigid squeegee Firm mounting of the screen printer squeegee blade and holder. Squeegee adjustment is more critical. 
Ripple The transmission of data serially. It is a serial reaction analogous to a bucket brigade or a row of falling dominoes. 
Rippie ADDER A binary adding system similar to the system most people used to add decimal numbers—that is, add the 
"units" column, get the carry, add it to the "10's" column, get the carry, add it to the "100's" column, and so an. Again it is 
necessary to wait for the signal to propagate through all columns aven though all columns ere present at once (parallel). Note 
that the carry is rippled. 

Ripple counter A binary counting system in which flip-flops are connected in series. When the first flip-flop changes it effects 
the second which effects the third and so an. If there are ten in a row, the signal must до sequentially from the first flip-flop to the 
tenth. 

Risers In a multilayer substrate, the conductive palhs that vertically connect various levels. 

Rotary (theta) motion Angular (rotary) adjustment of image to substrate. Allows registration in angularity in addition to "X" 
and "Y" in screen printing. (Also called Theta motion.) 

Rise time A measure of the time required for the output voltage of a state to go from a low voltage level ("0") to a high voltage 
level ("1") once a level change has been started. 

RUM Read-only memory; a random access storage in which the data pattern is unchangeable after manufacture. 

RTL (Resistor-Transistor-Logic) Logic is performed by resistors. Transistors are used to produce an inverted output. 
Sapphire substrates Materials which provide a uniform dielectric constant, controlled orientation, thermal conductivity, and 
the single crystal surface desired for SOS, hybrid IC, and other microcircuit systems. The material may be grown directly in 
ribbons, tubes, filaments. and sheets. 

Screen Tensioned mesh material with an open pattern through which ink penetrates to place an image on the substrate. 
Screen is above and parallel to the substrate during screen printing. 

Screen printing, thick film The ап of depositing conductive, resistive, and insulating materials on a dielectric base. This 
deposition is made through selected open areas in screens with inks or pastes forced through the open areas ofthe screen by 
squeegee motion onto the substrate base. In some cases, masks instead of conventional mesh screens may be used. 
Scribing Scratching a tooled line or laser path on a brittle substrate to allow a wafer to be cleft or broken along the line, 
producing IC chips when all brakes are completed. 

Scribing machines and tools Equipment used to separate wafers into individual devices, chips, or dice. This has been done 
by crude techniques similar to glass cutting, but is now accomplished by more efficient methods, using truncated pyramid 
diamond scribere, automated machines, conical tools, or lasers. 

SEM Standard electronic module; a subassembly configuration format which meets a particular U.S. Navy set of specitica- 
tions. This abbreviation is also used for scanning electron microscope. 

Semiconductor Тһе name applied to materials which exhibit relatively high resistance in a pure state but much lower 
resistance when minute amounts of impurities are added. The word is commonly used to describe electronic devices made 
from semiconductor materials. 

Semiconductor devices Devices in which the characteristic distinguishing electron conduction takes placa within a 
semiconductor, ranging from the single unit transistor to multiple unit devices such as the semiconductor rectifier. Other 
devices are diodes, photocells, thermistors, end thyristors. 

Semiconductor integrated cireuit (SIC) ^ The physical realization of a number of electric elements inseparably associated on 
or within a continuous body of semiconductor material to perform the function of a circuit. 

Serial ^ The technique for handling a binary data word which has more than one bit. The bits are acted upon one at a time. || 
is like a parade going by a review point. 

Serial operation The organization of data manipulation within computer circuitry where the digits of a word are transmitted 
one at a time along a single line. The serial mode of operation is slower than parallel operation, but utilizes less complex 
circuitry, 

Set An input on a flip-flop not controlled by the clock (see Asynchronous inputs), and used to effect the Q output. И is this 
input through which signals can ba entered to get the Q output to go to "1," Note it cannot get О to go to "0." 

Shear tester Shear testers are used to determine the integrity of a malerial or to test the adherance between two attached 
items. it is used for testing eutectic and epoxy die-bond strengths, and for adherance testing a gold-wire ball bonds, gold and 
solder chip bumps, external lead frames, coined and welded gold electrical contacts, thick film plating, and more. 

Shift The process of moving data from one place to another. Generally many bits are moving at once. Shifting is done 
synchronously and by command of the clock. An B-bit word can be shifted sequentially (serially)—that is, the 1st bit goes out, 
2nd bit takes 1st bit's place, 3rd bit takes 2nd hit's place, and so on, in the manner of a bucket brigade. Generally referred to as 
shifting left or right. it takes 8 clock pulses to shift an 8-bit word or all bits of a word can be shifted simultaneously. This is called 
parallel load or parallel shiff. 

Shift register An arrangement of circuits, specifically flip-flops, which is used to shif serially or in parallel. Binary words аге 
generally parallel loaded and then held temporarily or serially shifted out. 
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SIC Semiconductor integrated circuit. 

Silicon A brittle, gray, crystalline chemical element which, in its pure state, serves as a semiconductor substrate in 
microelectronics. It is naturally found in compounds such as silicon dioxide. 

Silicon gate A type of MOS in which the gate is mada of silicon instead of metal. Itis taster and denser than the metal-gate 
MOS. 

Silicon nitride A compound of silicon and nitrogen deposited on the ѕипасе of silicon monolithic ICs to (трап greater 
stability. 

Silican oxide Silicon monoxide or dioxide or a mixture, the latter of which can be deposited on a silicon IC as insulation 
between metallization layers. 

Single print Опе squeegee print stroke and flood return per substrate, in screen printing. 

Skewing Refers to time delay or offset betwean any two signals in relation to each other, 

Slewing rate Rata at which the output can be driven from limit to limit over the dynamic range. 

Slice А single wafer cut from a silicon ingot forming a thin substrate on which all active and passive elements for muitiple 
integrated circuits have been fabricated utilizing semiconductor epitaxial growth, diffusion, passivation, masking, photo resist, 
and matallization technologies. A completed slice generally contains hundreds of individual circuits. (see Chip.) 

Small scale integration A circuit of under 10 gates, generally involving one metallization level implementing one circuit 
function in monalithic silicon. 

Snap-off Distance from top of substrate in screen printing to bottom surface of screen. Squeegee must stretch screen this 
far to meet the substrate and deposit ink. Set by "Z" motlon adjustments. 

Snapstrate Scored large area substrate which, after screen printing, may be snapped or broken apart into smaller sized 
substrates. 

Snügger Device for automatically positioning and holding the substrate in proper position during the print cycle, in screen 
printing. 

Solder systems for bonding and welding Processors for ceramic hybrid microcircuits, substrates, lead frames, microas- 
semblies, flat packs, wire memory arrays, ceramic headers, and magnet wire, where solder normally has been pretinned on 
the substrate or individual components, or solder pastes provide solder without the need for pretinning operations. Tempera- 
ture controlled preheat, refiow, and cooling stages are involved, with reflow being almost instantaneous. 

Solid state Тһе electronic properties of crystalline materials (usually semiconductor in type). The interaction of light, heat, 
magnetic fields, and electric currents in these crystalline materials are involved in solid state devices. Less power is required to 
operate solid state devices and a greater variety of effects can be obtained. (2) Technology utilizing solid semiconductors in 
place of vacuum tubes for amplification, rectification, and switching. 

505 Silicon-on-sapphire transistor device. Silicon Is grown on a passive insulating base (sapphire) and then selectively 
eiched awey to form a solid state device. 

Sputtering A method of depositing a thin film of material onto a substrate. The substrate is placed in a large demountable 
vacuum chamber having a cathode mada of the metal or ceramic to be sputtered. Tha chamber is then operated so as to 
bombard the cathode with positive ions. As a result, small particles of the material fall uniformly on the substrate. 
Sputtering targets These are usually in the form of simple circular or rectangular plates, comprised of a variety of materials, 
and bombarded by gas ions that transfer their momentum to particles of the target, ejecting tham into tha vacuum chamber that 
houses the operation. These particles are then deposited in a thin film on strategically located substrates. 

SSI Small scale integration. 

Squeegee Hard, flexible blade with a precision edge which, with applied pressure, forces or pushes ink thraugh the screen 
In screen printing. 

Squeegee pressure Downward force ехепед upon the screen and substrate by the squeegee during screen printing. 
Squeegee speed Rate of speed at which the squeegee is driven across the screen during screen printing. 


Stability The specific ability of electronic circuits or other devices to withstand use and environmental stresses without 
changing. Also continued operation according to specifications despite adverse conditions. 

State This refers to the condition of an input or output of a circuit as to whether it is a logic "1" or alogic “0.” The stete of a 
circuit (gate or flip-flop) refers to its output. The flip-flop is said to be in the "1" state when its Q output is "1." A gate is inthe "1" 
state when its output is "1." 

Static In burn-in, the quality of a test wherein the device is subject to either forward or revarse bias applied to appropriate 
terminals; voltages are unvarying throughout test. 

Steatite Ceramic material composed mainly of a silicate of magnesium, used as a circuit substrate. 

Step To use the step-and-repeat methed. 

Substrate The physical material upon which an electronic circult is fabricated. Used primarily for mechanical support but 
may serve a Useful thermal or electrical function. Also, a material on whose surface an adhesive substance is spread for 
bonding or coating, or any material which provides a supporting surface for other materials. 

Subsystem А part or division of a system which in itself has the properties of a system. 

Surface diffusion The high temperature injection of atoms into the surface layer of a semiconductor material to form the 
junctions. Usually a gaseous diffusion process. 
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Synchronous Operation of a switching network by a clock pulse generator. All circuits in the network switch simultaneously. 
All actions take place synchronously with the clock. 

Synchronous inputs Those terminals on a flip-flop through which data can be entered but only upon command of the clock. 
These inputs do not have direct control of the output such as those of a gate but only when the clock permits and commands. 
Called JK inputs or ac set and reset inputs. 

System A group of integrated circuits or other components interconnected to perform a single function or number of related 
functions. If further interconnected into a large system, the individual elements are referred to as subsystems. 

Taper testers A taper tester is used to test one aspect of the dimensional integrity of wafers. Taper resulls when the two 
faces of the water under test are not parallel. 

TCR Temperature coefficient of resistance. 

Temperature coefficient of resistance The amount of change in the resistance of a material per dagree of temperature rise. 
Thermal compression bonding Process of diffusion bonding in which two prepared surfaces are brought into intimate 
contact, and plastic deformation is induced by the combined effects of pressure and temperature, which in turn results in atom 
movement causing the development of a crystal lattice bridging the gap between facing surfaces and resulting In bonding. 
Thermistor A semiconductor device, the electrical resistance of which varies with the temperature. Ив temperature 
coeflicient of resistance is high, nonlinear, and usually negative. 

Thick film Conductive, resistive, and/or capacitive passive network deposited on a substrate using a metallic or resistive 
film which is more than five microns in thickness. 

Thick film hybrid integrated circuits | The physical realization of a hybrid integrated circuit fabrication on a thick film network. 
Thick film resister, conductor, and dielectric compositions The principle materials for making thick film circuits, available in 
paste form and consisting of mixtures of metal, oxide, and glass powders. 

Thin film Conductive, resistive, and/or capacitive passive network deposited on a substrate using a metallic or resistive 
film which is less than five microns in thickness. 

Thin film deposition, chemical vapor type The CVD technique involves a decomposition and reaction between gases on the 
surface of a heated substrate such that a solid layer is nucleated and grown. Metals are generally derived from the 
decomposition of the metal halides. Insulators may be formed by reacting motal halides with oxygen (oxides), ammonia 
(nitrides), diborane (borides), etc. 

Thin fiim deposition, evaporation type Popular technique for depositing thin film in vacuum, accomplished by heating the 
source material in a low pressure chamber so thatit vaporizes and then condenses onto all cooler surfaces in line-of-sight from 
the source. 

Thin film deposition, sputtering type Evaporation produced by ion bombardment of the source material, known as cathode- 
sputtering. 

Thin film deposition materials, conductors and resistors Metals such as aluminum, gold, chromium, nickel, platinum, 
tungsten, alloys, and cermets deposited as electrical conductors and resistors on silicon or other substrates. 

Thin film deposition materials, inorganic dielectrics Film compounds produced by various vacuum evaporation processes 
and deposited on substrates to perform electrical functions. Examples Include silicon monoxide. ZnS, CaF, SiO, А.О. 
SIN, and other chemical compounds. 


Thin film deposition materials, organic dielectrics Insulating film compounds produced when organic vapors are heated 
under conditions in which polymerization and deposition occur. Examples are parylene, butadene, acrolein, and divinyl 
benzene, 

Thin film deposition materials, semiconductors Polycrystelline films deposited by vacuum or flash evaporation to produce 
high purity single crystal silicon or other semiconductor substances. 

Thin film hybrid integrated circuits The physical realization of a hybrid integrated circuit fabricated on a thin film network. 
Thin film integrated circuit The physical realization of a number of electric elements entirely in the form of thin films 
deposited in a patterned relationship on a struclural supporting material. 

Toggle To switch between two states as in a flip-flop. 

Tooling Vacuum holes, grooves, and locating pins on the tool plate surface dedicated to a certain size substrate in order to 
position and hold the substrate during the print cycle of screen printing. 

TO package Can-type ІС chip configuration, an outgrowth of the original TO transistor package. Most common are the 
TO-5, TO-18, and TO-47. The IC chip is mounted within the package, interconnected to terminals on the can, and then 
hermetically sealed. TO stands for transistor outline. 

Transistance The characteristic of an electric element which controls voltages or current so as to accomplish gain or 
switching action in a circuit. Examples of the physical realization of transistance occur in transistors, diodes, saturable 
reactors, limitors, and relays. 

Transistor An active semiconductor device having three or more electrodes, and capable of performing almost all the 
functions of tubes, including rectification and amplification. Germanium and silicon are the main materials used, with impurities 
introduced to determine the conductivity type (n-type as an excess of free electrons, p-type, a deficiency). 

Transistor testers Equipment and instruments which detect or measure leakage current, breakdown voltage, gain, or 
saturation voltage. Some testers are computer operated. 

Trigger A timing pulse used to initiate the transmission of logic signals through the appropriate circuit signal paths. 
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Trimming Removal of film resistor material in order to increase the resistance to a certain value. Two types of equipment 
are used for this purpose, The air abrasive jet trimming system (А.Т) depends on a precisely controlled stream of abrasive 
particles to carve away small portions of a thick film resistor. Laser systems are often used for both thick and thin fllms. With 
lasers, the material is burned away. 

Truth table A chart which tabulates and summarizes ail the combinations of possible statos of the inpuis and outputs of a 
circuit. It tabulates what will happen at the output for a given input combination. 

TTL, Т L (Transistor-Transistor-Logic) A logic system which evolved from DTL wherein the multiple diode cluster is replaced 
by a multipie-emitler transistor. A circuit which has a multiple emitter input and an active pullup network. 

Turn-on time The time required for an output to turn on (sink current, to ground output, to go to O-V). It is the propagation time 
of an appropriate input signal to cause the output to go to 0 V. 

Turn-off time Same as Turn-on time except the output stops sinking current, goes off and /or goes to a high voltage level 
(logic “17, 

Ultrasonic bend A contact area where two materials are joined by means of ultrasonic energy and pressure. 

Ultrasonic wire honder Equipment unit which fastens fine wire onto substrate by use of ultrasonic energy. 

Unit under test (ШТ) Any system, set subsystem, assembly, or subassembly undergoing testing. 

UV curing Polymerizing, hardening, or cross linking alow molecular weight resinous material іп а wet coating or ink, using 
ultraviolet light as an energy system. 

VLSI Very large scale integratlon. 

Vacuum evaporation The creation of thin films by vaporizing the film substance and allowing its deposition onto a substrate 
through mask openings. 

Varisior A two-electrode semiconductor device with a voltage-dependent nonlinear resistance which falls significantly as 
the voltage is increased. 

Via A vertical conductor or conductive path forming the interconnection between multi-layer hybrid circuit layers. 
Wafer and die sorters. Equipment which automates the testing and sorling of semiconductor devices from wafer form. 
Wafer handling equipment Equipment used for processing silicon wafers using methods which include batch processing ina 
common carrier, air bearing single wafer processing, and a combination of batch and single wafer processing. 

Wafers Slices of semiconductor crystal materials used as substrates for monolithic ICs, diodes, and transistors. 
Wet-process benches These are benches or stations used for water processing. Because of the hazardous materials 
(acids) that аге used, they should be designed with personne! safety and contamination control foremost. 

Wire bond Тһе fastened union point between a conductor or terminal and the semiconductor die. 

Wire, semiconductor lead Fine wire used to connect semiconductor chips to substrate petterns, packages, other chips, etc. 
Usually made from an aluminum alloy or gold. 

Wired "OR" Exlernally connected separate circuits or functions arranged so that the combination of their outpute results in 
ап" АМО" function. The point at which separate circuits are wired together will be an "О" if any one of the se parate outputs isan 
“O.” The same as a dot "AND." 

Word А group of bits treated as an entity in a computer. 

Xaxis The horizontal or left-to-right direction in a two-dimensionai systam of coordinates. 

X-X Signifies one direction followed in a step-and-repeat method. 

"X" motion Registration adjustment left and right of the screen pattern to the substrate, in screen printing. 

Y axis The vertical direction, perpendicular ta the X axis, in a two-dimensional system of coordinates. Y-Y signifies one 
direction followed in a step-and-repeat method. 

"Y" motion Registration adjustment front to rear of the screen райегп to the substrate, in screen printing. 

Zener diode À p-n junction two-terminal, single junction semiconductor device reverse biased into the breakdown region 
and providing high impedances under less than breakdown voltage but conduction with no impedance above breakdown 
voltage level. 

Zero ("0") Ses Binary logic. 

"P motion Vertical adjustment of scraen-aubstrate distance. Used for setting snap-off and leveling in screen printing. 


(The glossary includes terms from Insulation/Circuits, May, 


1982. Copyright Lake Publishing Corporation, Libertyville, IL 
60046. Used with permission.) 


205 


CLASSIFICATION OF AMPLIFIERS 


The definitions of class A, B, or C operation apply to vacuum tubes as well as to transistor circuits. Bias voltage 
on the emitter junction of a transistor determines collector current just as grid voltage determines plate current 
in a vacuum tube. 

Class A allows for 360? operation of a sine wave. 

Class B operation is with zero bias (cutoff) and allows 180° conduction. 

Class C operation is with bias beyond cutoff which allows fess than 180° conduction. 

Class AB operation allows small-signal class A operation, and large-signal class B operation. 

The above classes of operation are defined and illustrated for transistors and vacuum tubes. 


Input-signal Plate or Collector Performance 
Class Bias Setting Voltage Swing Current Flow Characteristic 


Canter point of character-| Confined to linear portion Complete ad | Undistorted output. High 
Istic curve of characteristic curva gain. Low power con- 

version efficiency. (25% 
maximum) 































Almost undistorted ош- 
put, Lower gain but higher 
| efficiency than class А.. 


Exlends inta upper (satu- | Complete cycle 
ration) bend of character- 


istic curve 


| Above center point of 
characteristic curve 

































In push-pull operation out- 
put is practically undis- 

| terted. Lower gain but 
higher efficiency than 
class А,. 


Cuts off for a small portion 
of negative haif-cycle 


Extends into lower (cut- 
of} bend of characteristic 
curvae 


Below center point of 
characteristic curve 






























Slight harmonic distor- 

tion in push-pull opera- 
tion. Lower gain but high- 
er efficiency than class AB, 


Extends into lower (cut- | Cuts off for small portion 
off} and upper (saturation) | of negative half-cycle 

bends of characteristic 
curve 


Center point of charac- 
teristic curve 





















Litlle harmonic distor- 
tion in push-pull opera- 
tion. Gain less than class 
ABS. Maximum efficien- 
| cy 78,5%, 







Cuts off for greater part 
of negative half-cycle 


Near lower bend of char- 
acteristic curve 


Extends boyond lower 
(cutotf) bend of charac- 
teristic curve 

























| Some harmonic distortion 
in push-pull operation. 
Lower gain but higher 
efficiency than class В,. 








Cuts off for greater рап 
of negative half-cycle and 
small portion of positive 
haif-cycle 


Extends into lower (cut- 
off) and upper (saturation) 
bend of characteristic 
сиге 


Near lower bend of сћаг- | 
acteristic curve 






















Considerable harmonic 
distortion, Low gain. 

High power conversion effi- 
ciency (80% maximum). 


Cuts off all of negative 
| and part of positive haif- 


Beyond !ower bend of 
characteristic curve 


Extends well beyond 
lower (cutoff) and uppor 
saturation) bends of 

characteristic curva 















subscript 1 denotes that no grid current flows during any part of tha cycle. 
Subseript 2 denotes that grid current flows at teast for a portion of the cycle. 
In class C amplifiers, grid current always flows, and a subscript is therefore unnecassary. 
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TRANSISTORS 
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RISETIME OF CASCADED AMPLIFIERS | 
Two cascaded amplifying devices will have an overall risetime given by: 
r = VT T 
É © 
where Т, T , and Г are the first stage, second stage, and total risetimes respectively. 


1 2 f 
The above relation is presented in the accompanying graph. 
FOR EXAMPLE: А system incorporating two cascaded amplifiers having risetimes af 100 usec and 25 usec 


(a ratio of 4:1), would have an overall risetime of 103 asec. 
NOTE: The Y-axis is the percentage increase in the risetime above the risetime of the slower of two 


cascaded devices. 
Where А,„, А, *** аге amplifiers with zero output impedance and infinite input impedance 
e, — square wave of frequency F 


Then for TILTS of 10% or less 


1 
ги, С, 








F 
Ж ТІПТ, =* i. x 100 where F = 
E 


TILTS of 10% magnitude or less are additive. Thus 


a ус 
% TILT, = т[ + —]* 100 





F F 
where 
1 
s. = 
27 Н.С, 
and 
F ғ Ғ 
1 Ё п 
oh TILT, = 71——+ te + јх 100 
F Ғ F 
By definition 
Ш = V, Е. 
% TILT = x 100 = ят х 100 
VIR " 
where 


F = Frequency of applied wave е, 


Ру = ذاق‎ cutoff of high pass network (3 dB) 
1 
гт АС 
С in farads Rin ohms 
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PERCENTAGE INCREASE OF NET HISETIME ABOVE LONGER RISETIME 





1 1.5 2 25 3 4 в в 78 


RATIO OF RISETIMES 


RE coupled Amplifiers Ye ТИ 


JEL ww 


~ 
Е ^u 
#0 weed Аһ 4” 
+ ж” в. 
Г» Я» Cone Са На 
JUU 5; TILT Аат; 7 ъй, — 


(From Electronics and Communications, December, 1968.) 


Square руж Ti Due Та FC Coupling 


c 
ғ, Oui put di A 
R 


+ کے‎ Ба pal 
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NEGATIVE FEEDBACK NOMOGRAM 


In negative-feedback amplifier considerations, 8 (expressed as a percentage) has a negative value. A line across 
the В and р scales will intersect the center scale to indicate resulting change in gain. It also indicates amount (in 
decibels) by which input must be increased to maintain origina! output. Original amplification may be expressed as 
voltage ratio or in decibels by using appropriate scale at right. 

FOR EXAMPLE: For a B of 10% and an amplifier а of 30, the nomogram yields a change in u of 0.25. 
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(Reprinted with permission from International Telephone and Telegraph Corparation 
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CLASS B PUSH-PULL AMPLIFIER NOMOGRAM 


This nomogram determines the available power from the output of class B vacuum tube or transistor push-pull 
stage operating under the following conditions: The output is a sine wave, the collector or plate swing is twice the 
supply voltage, and the available output power is determined by the formula 


(У 2 Vy 
2 


FOR EXAMPLE: A transistor amplifier with a 12-V supply and а collector-to-collector impedance of 400 ohms 
could produce 720 mW of undistorled output power. 





10,000V 


PRIMARY IMPEDANCE (2) 
ж 


= 
Ж 
d 
Ж 
e 
=> 
> 
а. 
LL 
=} 
ит 


POWER(P) 


EXAMPLE- WITH 12v SUPPLY AND 
400 OHMS COLLECTOR -TO-COL-— 
LECTOR IMPEDANCE, T20MW, OF 
OUTPUT POWER ARE AVAILABLE. 
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CATHODE FOLLOWER NOMOGRAM 


- Acathode follower is useful for properly terminating transmission lines and coaxial cables. It provides high 2, and 
low 2 ut good frequency and phase response, ground common to the input and output, reduced input capaci- 
tance, power gain and in-phase input and output. To match a transmission line, Я, should equal the impedance of 
the line (A). If A, is less, add a series resistor (В), if A is greater use a resistor (C) sothat = HZ A, -2, » 

FOR EXAMPLE: To drive a 52-ohm line using atube with a 2,015,000 requires an Fi, of 70 ohms. To provide 
proper cathode bias, determine the required cathode resistance from the tube manual or by calculation, and 
subtract Я, to determine А, . Assuming that 220 ohms is required for proper bias, the H, is 150 ohms and А, is 70 
ohms. If fixed bias is used, A, is not needed. 
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CATHODE FEEDBACK NOMOGRAM 
This nomogram shows the reduction in the gain of an amplifier as a result of negative feedback that is introduced if 
the cathode resistor is not bypassed. 

FOR EXAMPLE: What will be the gain of an amplifier that has an initial stage gain of 20, a cathode resistor of 
22 К, and a dynamic plate load resistor of 220 К ifthe cathode bypass capacitor is removed. The ratio of R, to R, IS 
10, thus the resultant "actual" stage gain is 7. 

The range of the nomogram can be extended by multiplying all three scales by the same power of 10. 


THEORETICAL 
GAIN IF Ry=0 ACTUAL GAIN 
r60 30 


25 
EXAMPLE 


RK 


анн 
m 





(Reprinted from Padio-Elactronics, copyright © Gernsback Publications, Inc., July 1963.) 





214 


EUROPEAN TUBE NUMBERING SYSTEM 
ERE and او‎ Tubes 


Type of Filament Electrode Structure — Type of Base 
| Class of Tube 










or Heater 






































































A 4 V ac (parallel) A Single diode Base indicated by second number 
C 200 mA heater B Dual diode 
D 0.5-1.5 V dc C Triode, small-signal | 2 Года! 
E 6.3 V ac (parallel) D Triode, large-signal 3 Оса! 
G 5 V heater E Tetrode, small-signal 4 European rim-lock 
H 12.6 V 150 mA heater] Е Pentode, small-sional 5 . Miscellaneous special bases 
(parallel) H Hexode ar heptode 
‚К 2 V de (parallel) K Octode, pentagrid 6,7 Subminiature tube 
М 2.5V converter 8 Міле-ріп miniature {noval} 
О no filament L Pentode or tetrode, 
P 300 må heater large-signal g Seven-pin miniature 
(series) M Electron-beam indica- | 
inr Second and third digils differentiate between tubes that 












Ц 100 mA heater 
(series) 
Z code cathode 


have the same general description but different character- | 
istics. If the first number is a 1, then the second number | 
| indicates the type of base. 


M Ihyratron 

P Secondary emission 
tube 

Q Моподе (9 electrodes) 

T Miscellaneous 

A Gas-filled full-wave 












rectifier 

Y Vacuum halt-wave 
rectifier 

7 Vacuum full-wave 
rectifier 






Two or more of these 
letters may be com- 
bined. Thus ac indi- 
cates а diode and a 
triode in one envelope. 









FOR EXAMPLE: 

Type ECH81 Triode-heptode oscillator converter, with noval socket and 8.3 V heater 

Type EL34 Power pentode with octal base and 6.3-V heater 

Type GZ34 Full-wave rectifier with octal base and 5-V heater 

NOTE: For special tubes (ruggedized, long-life, etc.), the numbers are placed between the letters. For 
example: EBOF, ЕЗОСС, EBOCF. 


Tine pag Tubes 


| ` First Letter | ра Second Letter Third Letter | 


D Rectifier A Tungsten, directly heated G Mercury filled | No uniform 
М Triode B Thoriated tungsten, directly heated L Forced air notation 
P Pentode C Oxide coated, directly heated W Water cooled | used 

Q Tetrode E Heater/cathode X Xenon filled | 

1 Тподе 


FOR EXAMPLE: Type QQE-04-20 Dual tetrode with indirectly heated cathode 
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SOLID-STATE SENSING TECHNOLOGIES 





This table summarizes the characteristics of solid-state sensors of position, temperature, level, pressure, and 


speed. 


Actuation Actuator 

















sensing Technique 


| Hali effect Proximity Electro- 






















magnet or 
permanent 
magnet 
Hall effect vane interrupted Ferrous 
material 
Eddy current Proximity Ferrous or 
olution 
Opt-electronic Interrupted Any opaque 
or reflective material 
| Piezoelectric Impact Any hard 
material 
| Piezo-resistance Pressure ог Gaseous or 
flexing mechanical 
| Variable reluc- Proximity Ferraus 
tance (Magnetic) 
pickup 
| Capacitance Touch or prox- Any mate- 
irnity rial 
Sonic Audio beam Any mate- 
interrupted rial 





or reflacted 
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Integrated cir- 
cuit only 


IC, permanent 


magnat 


Coil, IC and 
nonferrous 
material 
ponents 


iG, LED, and 
components 


Crystal 


IC 


Coil, magnet, 
IC and dis- 
crete compo- 
nents 


IC and sensing 


capacitor 


Transmitter, re- 


ceiver, IC and 
discretes 


Construction 






Advantages 


Not rate sensitive, fast 
signal conditioning, 
simple 


Integral design, not rate 
sensitive, low cost, sig- 
nal conditioning 
All-metal detector, in- 


discrete com- 
contaminated, nigh 
frequency 

Detects any opaque 
material, good 
resolution 

No stand-by power, po- 
tantially lowest cost de- 
vice 

Detection without me- 
chanical linkage 


Fine resolution, integral 
unit, high speed detec- 
lion 


Detects any low dielec- 
tric material 


Large sensing gap, de- 
tects any material 









Disadvaniages 


Requires magnet actua- 
tor, cannot achieve fine 
resolution 


Megnet atiraction mode 
of actuation, cannot 
achieve fine resolution 
Cannot achieve fine res- 
discrete com- 

tegral unit, not easily 


Easily coniaminated 
ambient light 
sensitive 

Pulse output, requires 
impact 


Complex, difficult con- 
struction, expensive for 
accuracy 


Cannot sense zero speed, 


hard signal condition- 
ing, small operate 
point, complex 

False triggering, mois- 
ture and temperature 
sensitive, complex 
Triggered by random 
noise, not precise, non- 
directional 


SEMICONDUCTOR MEMORIES 


This family tree illustrates the interrelationship of the various types of volatile and nonvolatile semiconductor 
memories. 


SEMICONDUCTOR MEMORIES 


` PROGRAM STORAGE DEVICES | DATA STORAGE DEVICES 
(NONVOLATILE MEMORIES) (VOLATILE MEMORIES) 


PERMANENT ALTERABLE С DYNAMIC STATIC 
MEMORIES MEMORIES MEMORIES | MEMORIES 


г “Ее m wh Miss pea да | | MOS 
| | MASKED. BIPOLAR | ---4 MOV E soul MOS GOD BIPOLAR | 


CCD Charge-coupled device 

EEPROM Electrically erasable programmable read-only memory 
EPROM Erasable programmable read-only тетогу 

MOS Metal-oxide semiconductor 

МОМНАМ Nonvolatile random access memory 

RAM Random-access memory 

ROM Read-only memory 
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VOICE INPUT/OUTPUT FAMILY TREE 


Electronic voice input/output capability endows machines with the human qualities of hearing (speech recogni- 
tion) and speaking (speech output). This family tree highlights some of the current applications of voice 


input/output equipment. 


VOICE 
IMPUT/CKITPLIT: 


YENGE INPUT/DUTPLIT 
ІМРШТ SYSTEMS 


CONNECTED UNC ONNECTED, 
SPEECH SPEECH | 


RECDORDERS 


SOLID 
STATE 


BTORAGE 


SPEAKER 
DEPENDENT 


SPEAKER 
IRDEPENDENT 


мек SYSTEMS 


TELEPHONE VOICE MAII, 


CONTROL 


TOY& 
GAMES 


SYSTEMS 
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же Ке ТА, 
VARIABLE 
SLOPE DELTA 
MODULATION 
та] 


сооб 
САНТ 


| cad 

SORTING SYBTÉMS 
DATA/ 

CONTROL 
INPUT 


| 
| 
1 


VOCGODERS 


TRANSMISSION 


МСЕ 


SINGLE 
CHIF 


| 


(TOYS) 
DATA INPLIT 


= 
TEXT 
TO 
МЯСЕ 
ARFITIFICEAL. 
VINCE 


TOYS 
GAMES 
ONSUMER 
PRDOUCTS 


COMPUTER 
OUTPLIT 
VOCE 


GAMES 


WATCH 
* CLOCH 


CONSUMER 
PRODUCTS 








NOISE FIGURE NOMOGRAM FOR TWO CASCADED STAGES 
The cascade noise figure of two noise sources is given by the equation 


(Fm 


T 1 G 
1 





where F , F,, and F, are the first-stage, second-stage, and overall noise figures respectively, and Gis the gain of 


the first stage—all expressed as power ratios. The nomogram has all scales calibrated in decibels. To use the 
nomogram connect £ and G and note the intersect point on the turning scale. That point is then connected to F, 
or Я, depending on which of these figures is given. Two ranges (high and low) are given for all three “F” scales 
and they must be used together. Only one "G" scale is necessary. 

FOR EXAMPLE: А first-stage noise figure of 3 dB, a second-stage noise figure of 7 dB, and a first-stage gain 


of 8 dB, results in an overall noise figure of 4.2 dB. 


TURMING SCALE 


555 
НОТЕ: USE HIGH— OF LOW-RANGE 
SCALES CONSISTENTLY 


THROUGHOUT ENTIRE 
2 , BO NOT MIX 
LES 


W8}—HIGH RANGE 


FIRST-STAGE NOISE FIGURE ^ (dB). — LOW RANGE 


FIRST-STAGE MOISE FIGURE А {98 — HIGH RANGE 


OVERALL MOISE FIGURE Æ [4B] = 00 RANGE 
OVERALL NOISE FIGURE f> (dB) —HIGH RANGE 


SECOND-STAGE NOISE FIGURE ~ 
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Conversion Factors / 287 


RELIABILITY CHARTS 


This chart relates system MTBF (Mean-Time-Between-Failures) with the number of components per system and 
the component MTBF, 

FOR EXAMPLE: A system using 10,000 components with a component MTBF of 30 years will have a system 
MTBF of 1 day. 





SYSTEM MTBF 


100,000| 
10,000 


1000. 


COMPONENT MTBF(YEARS) 


1000 10,000 100,000 
NUMBER OF COMPONENTS IN SYSTEM 


This chart relates system reliability in percent with the number of serial parts, that is, the critical parts that must 
function in order for the system to perform its function. 
FOR EXAMPLE: 10,000 critical pars with a 99.99% parts reliability provide a system reliability of only 37%. 


SYSTEM RELIABILITY 






10 100 ` 1000 10,000 
NUMBER OF SERIAL PARTS 





100,000 
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RELIABILITY NOMOGRAM | d 
Reliability is a dependent function of operating time and failure rate. “ is generally given as a percentage or a 
decimal that states the probability that an equipment will perform its function satisfactorily during a mission. 
Heliability is based on the formula 





where 
T =1/х\ t = operating time in hours 
P, = probability of success, i.e., reliability T = mean time between failures 
— base of natural logarithm A = failure rate (% per 1,000 hr) 


FOR EXAMPLE: A circuit that has a falure rate of 10095/1,000 hr (an hourly failure rate of 0.001 or an MTBF 
of 1,000) has a reliability of 99.8% when operated for 2 hr. That means that the circuit will not operate properly an 
average of 2 times out of 1,000 operations, or out of 1,000 circuits an average of 2 will fail in 2 hr. 

NOTE: An equipment or circuit with an MTBF of one hour will have a reliability of only 33.788% (100/е) when 
operated for one hour. 
NOTE: For more detailed treatment of MTBF see the latest edition of MIL-Handbook-21 7. 


MEAN TIME 

BETWEEN HOURLY 

FAILURES FAILURE 95 ЛООО OPERATING 
(HOURS) RATE HOURS RELIABILITY TIME 


% ғ Hours ^ MINUTES 
10 g9.9999——0.999999 0.01--г-0.6 
| 
0.999995 0.02 
99.999-= 0.99999 0.05. 
| 0.0 
0.99995 
99,99 0,9999 0.1 


0.9995 Оле. 7 
0.999 0.5 ¬ 
ак 0.5 
E 0.995 
1,000 0.99 


-0,95 
0.90 


0.5 
-0.1 


50,000 


100,000 





(From Electronics and Communications, March, 1965.) 
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RELIABILITY—REDUNDANCY NDMOGRAM 


For certain critical applications, such as manned space flights, the required reliability is often greater than what 
can be achieved with a single system. Under these conditions it is necessary to resort to redundancy where two or 
more identical systems are paralleled. The required redundancy is based on the following equation: 


= N 
P,-1-(-B) 


where 

Py = probability of success of N paralleled systems 
Pa = probability of success of one system 
М = number of paralleled systems 


FOR EXAMPLE: A subsystem for a two-week moon exploration flight has a special reliability of 99.99% and a 
MTBF of 2,000 hr. What is the required redundancy? On reliability nomogram (А) connect 2,000 on the 7 scale 
with 336 (2 weeks) on the ¢ scale to determine subsystem reliability to be 0.845. On redundancy nomogram 
connect 0.845 on the P, scale with 0.9999 on the P, scale to determine that a redundancy of five is required. 
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P, = 1-1-7)" 
0.99 


0.985 


N 0.98 


0.97 


0.96 


0.95 
0.94 


0.93 


0.92 
0.91 
0.9 


0.85 


0.8 | 


0.7 


0.6 


0.5 
0.4 


0.3 


0.2 
0.1 
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CONFIDENCE LEVEL DETERMINATOR 


This graph is used to determine the minimum MTBF for a given confidence level. To use the chart, determine the 
actual number of Operating Hours, the Observed Failures, and the required Confidence Level. Read across from 
“Observed Failures” to "Confidence Level” and then downto obtain the "Divisor." Divide the number of Operating 
Hours by the "Divisor." The result is the minimum MTBE for the stated Confidence Level. 

FOR EXAMPLE: During 2,000 hours of operation there were 8 failures. What is MTBF stated with a 
confidence level of 90%? Reading across 8 to the 90% curve shows the divisor to be 13, Dividing 2,000 by 13 
yields approximately 754. Thus, it can be said that the MTBF (minimum) is 154 hours with a confidence of 90%. If, 
in the above example, a confidence level of 70% had been required, then it could be said that the MTBF was 194 
hours with a confidence level of 70%. 
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The shaft angle corresponding to an integral binary fraction is required wherever shafl angle encoders are used. 
This resolution table aids in determining accurately the angie represented by a specific number of counts or 


conversely, the precise number of counts which equa 


ANGULAR RESOLUTION TABLE 
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THE POSTULATES OF BOOLEAN ALGEBRA 


MATHEMATICS GEOMETRICAL 
| LOGIC 


oUaca | Ж 
|, THE LAWS OF TAUTOLOSY. Repetition — by adde %% 










WORDS 
{English} 









tron ог multiplication —daes not alter the truth value 
ot an element. 












2. THE LAWS OF COMMUTATION. Disjunction ar 
conjunction is not aMected by sequential change, 
| Distunefion— OR: if either input a ог amput b, ог 
both inputs à and b, are conducting, then the output 
{а s bb is conducting. Conjunction—AND: |f, end 
only if, bath inputs 2 and b are conducting, then the 
бшш! fà. br is conducting. | | 
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— THE LAWS OF COMBINATION 
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4, THE LAWS OF DESTRIBLITION An elemenl is added 
toa oduct by adding the element to each member 
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TRUTH TABLES 
{1 == truth, 0 — falsity} 
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WORDS MATHEMATICS GEOMETRICAL 


(English) (Set Theory} ENGINEERING 





DIAGRAMS 
























|}, THE LAWS OF THE UNIVERSE CLASS The sum | Я 0 1 =! gud СӘ 
consisting of an elemenl and the universe class 15 
equivalent to {he шале glass, The poduci can 
sisting ol an element and the umwerse class 15 
equivalent to tae element. | -әйізе пА 1:0 grla 


2 THE LAWS OF THE NULL CLASS. The sum con. 
sisting of an element and Jhe null class 15 equiva: 
len! fo ike element. The produci consisting of an 
Elerren] and the null class is вина во {б the pull 
lass. 


THE LAWS OF THE UNIQUE ELEMENTS 





1. THE LAS UF COMPLEMENTATION, The sum con ав" п Veg =i orgs] 
међ of sn element and its complement is equiva 

tent 10 ike unewerse class. The product consisting 
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|2 THE LAW OF CONTREPOSITION М an element al 
те eurvaleni ір [he complement cf an element В, 
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complement of tha elerrert а. 
















3. THE КАМ OF DOBELE NEGATION The cemple- 
ment of fhe negation of an element is e@uivalent to 
the element. 








A. THE LAWS OF EXPANSION. The disjunction of | ig 18) Ule ese lo^ БОА 5) о | (0 eie 51-2 
а preduct composed of the elements a and b and a 
pteducd composed af ihe elemenl 2 and {he com- 
plemeni of element b is equivalent to the element 
а [he ranjuncticn of a sum eampoesei of the ele- 
ments a and b and а sum composed of the element a | 
and Іле compfement al element b is equivalent 10 


the element а. 
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Boolean Relationships Legend: 
ы NOT: The line over a term indicates a false or 


Idempoint: 
not true state. 

ағ0-а a0 = 0 where AND: Two terms directly adjacent to each other 
РА Зы | аі = а 0-8 are called an "AND" function. 
а-а-а аа - а OR : Two terms separated by "+" are called an 
Commutative: а + b = pÖ + a "OR" function. 

ab = ba Examples: ар reads as "a and not b" 
Associative: (a + b) + c = a + (5 + C) ab reads as "Not a and б" 

(ab)c = abc) ab reads аз "Not а and Not b" 
Distributive: ab + ac = afb + c) ab reads as "Not a or Not 5" 

а + bc = (a + bya + c) (See DeMorgan) 


Absorption; afa + b) = а + ab = а 
DeMorgan Theorem: a = а _ 
(ab = a + b fab) = a + db 


a+b=ab в + 6 = ab 


Basic Logic Clocked Logic Elements 





Lage Boolean | 
Fuactian Equation Truth Table | | TRUTH TABLE 
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CONVERSION CHART OF STANDARD METRIC PREFIXES 


This chart shows, in their relative positions, symbols, multiples (10°), and abbreviations for all the international 
multiples and submultiples as recommended by the International Committee on Weights and Measures (1962) 
and adapted by the National Bureau of Standards. 

This chart provides a fast and easy method of conversion from any metric notation to any other. "Unity" 
Tepresents the basic unit of measurement such as volts, ohms, watts, amperes, grams, hertz, etc. The number of 
steps up or down between the two prefixes which are being compared is equal to the direction and the number of 
places in which the decimal point has to be moved to convert from one to the other. 

FOR EXAMPLE: To convert 0.0032 milliampere to nancampere—move six places down. Answer: 3,200 nA. 

To convert 43,280 kilohertz to megahertz—move three places up. Answer: 43.28 MHz. 

To convert 10.74 microns to millimeters—rnove three places up. Answer: 0.01074 mm. 
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HARMONIC REJECTION NOMOGRAM 


This scale relates the magnitude of harmonic distor- 
tion, expressed as a rejection ratio in decibels, to per- 
centage of distortion. 

FOR EXAMPLE: (1.) A design specifies that a 
given audio sine-wave oscillator should have its 
closest harminic atleast 28 dB below the fundamental. 
The chart indicates that the closest harmonic must be 
less than 3.9% of the magnitude of the fundamental. 

(2.) Find the harmonic content of a signal made 
up of the following: 


Fundamental frequency 100 V rms 
second harmonic 5 М rms 
Third harmonic 2e V rms 


Adding harmonics vectorially gives 





М 5? + 2° = 539 
harmonic voltage 9 
% distortion = ——————————————— == 
ди fundamental voltage =ч 100 iii 


Thus the distortion is 5.30%, which means thatthe 
harmonic content of the signal is 25.2 dB below the 
fundamental. 
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19807 04002 85680 B439H 38598 ТЫМ 
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31691 26500 57057 35027 41758 HHA 
63382 53001 14114 70074 83516 02688 
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SQUARES, CUBES, AND ROOTS 
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1.000000 
1.414214 
1.732051 
2 


0.038068 


2.440490 
2.645751 
3.000000 
3.162278 


3.310825 
3.464102 
3.605551 
3.741657 
3.872983 


4.000000 
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4.242641 
4.358899 
4.472136 


4.582576 
4.690416 
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4.898979 
5.000000 


5.099020 
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5.291503 
5.385165 
5.477226 


3.387764 
5.656854 
5.744563 
5.830852 
3.916080 


6.000000 
6.082763 
6.104414 
6.244998 
6.324555 
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6.557439 
6.633250 
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6.782330 
6.855655 
6.928203 
7.000000 
7.071068 
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22,13594 
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9.110434 
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` 92 36068 


22.58318 
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23.021 73 
23.23790 
23.45208 


24.66432 
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24.28092 
24.49490 
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25.49510 
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26.26735 
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28.10694 
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132,651 
140,608 
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157,464 
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205,379 
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282,144 
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300,763 
314,432 
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357,911 
313,248 
388,017 
405,224 
421,875 


438,976 
458,533 
474,552 
493,039 
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931,441 
551,368 
571,787 
592,704 
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830,584 
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3.684031 
3.708430 
3,732511 
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3.179763 
3.802952 


3.825862 
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4.000000 
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4.191566 
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4.235824 
4.254321 
4.272559 
4.290840 
4.308869 


4.326749 
4,344481 
4.362071 
4.379519 
4.396830 


4.414005 
4.431048 
4.447960 
4,454745 
4,481405 


4,407941 
4,514357 
4.530655 
4.546836 
4.562903 


4.578857 
4,594701 
4.610436 
4.626065 
4.641589 


7.837005 
7.988570 
8.041452 
8.092672 
8.143253 
8.193213 


8.242571 
8.291344 
8.339551 
8.387207 
8.434327 


8.480926 
8.527018 
8.572619 
8.617739 
8.602391 


4.706588 
8.750340 
8.793659 
8.835556 
8.879040 


8.921121 
8.952809 
9.004113 
9.045042 
9.085603 


9.125805 
9.165656 
9.205164 
9.244335 
9.283178 


9.321698 
9.359802 
9.397796 
9.439388 
9.472082 


9.509685 
9.246403 
9.582840 
9.619002 
9.654894 
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3.129888 
3.761000 
8, 705881 
9.830476 


9.864848 
9.898983 
9.932884 
9.956555 
10.00000 
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17.089876 
17.21301 
{7.32478 
17.43513 
17.54411 
17.565174 


17.75808 
17.86316 
17.96702 
18.06969 
18.17121 


18.27160 
18.37091 
18.46915 
18,56636 
18.66256 


18.757711 
18.85204 
18.94536 
19.03778 
19.12931 


18,21997 
19.30979 
193.39877 
19.48695 
18.57434 


19.66095 
19.74681 
19.83192 
19.91632 
20.00004 


20.08299 
20.16530 
20.24594 
20.32793 
20.40828 


20.48800 
20.56710 
20.64560 
20, 72354 
20.80084 


20.87759 
20,05379 
21.02944 
21.10454 
21.17912 


21.25317 
21.326071 
21.390975 
21.47229 
21.54435 
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160000 | 


194481 
234256 
275841 


331778 | 


390625 
456076 
531441 
614656 
707281 


810000 

923521 
1048576 
1185821 
1226336 
1500625 
1879518 
1874161 
2085135 
2313441 


2560000 
2025761 


3111896 | 
3416801 | 
3748008 | 


4100695 
4477456 
4879681 
5308415 
5764801 


5250000 


100000 
161051 
248832 
311293 
531824 
158275 
1048576 
1419857 
1888568 
2476099 
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4084121 


5153612 


5436343 | 


1902624 
9705525 


11881376 | 


14348507 


17210258 | 
20511148 


24300000 | 
28520151. 


33554432 
30135393 
45435404 
52521875 
6046561 76 
89343957 
19235168 
90224199 


102400000 
115856201 
130691232 
147008443 
164916224 
184528125 
20598828978 
220345007 
254803868 
262475249 


312500000 
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729 
4096 
15825 
46650 
117648 
262144 
531441 


1000000 
1771581 
2885984 
4826809 
7229536 
11380625 
18777216 
24137589 
34012224 
41045881 


640000) 

85766121 
113378904 
148035859 
191102976 
244140525 
308915776 
387420488 
481890304 
594823321 


x10 

7.200000 

8,875037 
10,737418 
12.314580 
15.448044 
18.382556 
21.767823 
25.557264 
30.109354 
35.187438 


ior 
4.096000 
4.750104 
5,489032 
6,321353 
7,256314 
8.303766 
9.47429} 
16.779215 
12,230580 
13.841287 


15.625000 | 


128 
2187 
16384 
78125 
279935 
823543 
2007152 
4782965 


10000009 
13487171 
35831508 
62748517 
105413504 
170858375 
268135455 
410338873 
812220032 
193871739 


жін 
1.280000 
1.801089 
2.494358 
3.404525 
4.586471 
6.103516 
8.031810 
10.460353 
13.492920 
17.249876 


x 10: 


2.187000 
2.151261 
3.435974 
4.261844 
5.252335 
5.433830 
7.83416 
9.493188 
11.441558 
13.723101 


x +010 


15.384000 
18.475427 
23.053033 
27.181861 


34.827781 | 


37.368945 
43.581756 
50.562312 
58.706834 
67.822307 


78.125600 


055 | 


6551 
65535 
390625 
1679616 
57684801 
16777218 


43048721 


x10 


1.000000 
2.143589 
4.299817 
8.157307 
14.757891 
23.628906 


42.849573 | 


69.757374 


119,199608 


169 405630 


104 


2.560000 
3.782988 
5.487587 
1.831099 
11.007531 
15.228189 
20.882106 
28.242054 
37.180200 
50.024541 


x10H 


8.528910 | 
10.895118 | 


14.064085 


17.857939 | 


22.318754 
25.211099 
35, 124795 
43.477821 
53.520093 


x 1012 
6.553600 
7.984925 
4 682652 

11,588200 

14,048224 

16.815125 

20.047812 

23,811287 

28,179280 

33,232921 


38.062500 


6250000 
6765201 
7311616 
7890481 
8503056 
9150625 
9834456 
10556001 
11318496 
12117351 


12960006 
12845841 


14770336 | 


15752961 
18777218 
17850625 
18974736 
20151121 
21381376 
22667121 


24010000 
25411581 
25873856 
28388241 
29986376 
31540625 
33362176 
35153041 
37015056 
38950081 


40960000 
43046721 


45212176 


47458321 
49781138 
52200525 
54700816 
57289761 
99369536 
62742241 


65610000 
58574861 
21839296 
14805201 
18074895 
81450625 
81334556 
88529281 
922366816 
85059801 


1500600000 | 


312500000 
345025251 
380204032 


418195493 | 
459165024 | 
503284375 | 


550731718 
601692057 
656356768 
714924299 


10% 


7.7 TBO 
8.445963 
9.161328 
9.924365 
10, 737418 
11.602806 
12,523326 
15.501251 
14.539335 
15.640313 


x10 


16.807000 
18.042294 
19.348175 
20.730715 
22.190005 
23.120458 
25.355254 
21.057842 
28.871744 
30.7 70364 


хин 


32.758000 
34.857844 
37.073984 
38.390406 
41.821194 
44.370531 
47.042702 


48,842082 | 


52.773192 


55.840594 | 


Xx 10* 
5.904900 


5.240321 | 


5.590815 
5.856BB4 


7,339040 | 


7.737809 
8,153727 
8.587940 
3.030208 
9.509900 


10.000000 


10" 


15.625000 
17.596283 


13.770610 | 


22.164361 
24.794811 
27.680641 


30.840879 | 


34.296447 


38.068693 | 


42.180534 


X109 


4.065000 
5.152037 
3.680024 
9,252350 
6,871948 
7.941889 
8.203305 
9.045838 
9.886748 


10.781816 


x 1019 


11.764000 | 


12.810028 
13.831407 
15.133423 
16.420649 


17.797852 | 


19.260993 


20.842238 | 


22.519960 
24.308745 


кары 
26.214400 


28.242954 | 
30.400657 | 


2.694037 


45,1288303 | 


37.714952 


40.456724 | 
43.362520 | 
48,440409 | 


49.685129 


x10! 
5.314410 
5.678693 
6.053550 
8.459902 
6.898598 
7,350818 
7.827576 
9.320729 
8.855424 
9.414801 


1 D. 000000 | 





ж 1n! Ё 

7.812500 

8.974107 
10.280717 
11.747111 
13.389252 
15.224352 
17.270048 
19.548975 
22.07G842 
24.885515 


x10! 
27, 893600 
31.427428 
32.216146 
39.389506 
43.980455 
19.022279 
54,551607 
86.607118 
87.229885 


74.483533 


x 10! 
8.235430 


9.095120 | 


16.030613 
11 047999 
12.151280 
13.94 B388 
14,645195 
16.048523 
17.565558 
19.203008 


x) 


20.971520 
22.976792 
24.928547 
21.135051 
29.509035 
32,057709 
44.792782 
37,725478 
40.887560 
44.231335 


x10 


4.782969 
5.167610 
5,578466 
6,017608 
6.484776 
6.083373 
7,914475 
8.078828 
B,681255 
9.320653 


10.000000 


x 10" 


3.906250 
4.578794 
5.345973 
6.225969 
7.230196 
8.373394 
3.671731 
11.142916 
12.806308 
14.683044 


x16H 
18.736160 
18.178731 
21.834011 
24.815578 
25.147488 
31.854481 
36.004061 
40, 606768 
45.715324 
51.378837 


1014 


5.764801 
5.457535 
7.222041 
8.064601 
8.991947 
10.011232 
11.130348 
12.357353 
13.701144 
15.171088 


x i014 


18.777218 
18.530207 
26.441409 
22.522822 
24.787589 
27.249033 
28,821793 
32.821157 
35.963452 
48.365888 


x 1013 


4.304672 
4,702525 
5,132189 
5.595818 
6.095689 
6.634204 
7.213886 
7.837434 
8.507630 
9.227447 


10.000600 





MATHEMATICAL SIGNS AND SYMBOLS 


ШЕ чин FE LE I EFE ж 


Ы 


‚уау кузу AAA CE 


Radix (base) point 

Logic multiplication symbol 

Infinity 

Plus, positive, logic OR function 
Minus, negative 

Plus or minus, positive or negative 
Minus or plus, negative or positive 
Times, logic AND function 

Divided by 

Divided by (expressive of a ratio) 
Equal to 

Identical to, is defined by 
Approximately equal to, congruent to 


Approximately equal to 


Not equal to 

Similar to 

Less than 

Not less than 

Much less than 

Greater than 

Not greater than 

Much greater than 
Equal іс or less than 
Equal to or greater than 
Proportional to, varies directly as 
Approaches 

Is to, propartional to 


Therefore 

Number 

Percent 

At the rate of; at cost of 

The natural number = 2.71828 ~ 

Pi = 3.14159... ~ 

Parentheses. Used to enclose a common group of terms. 

Brackets. Used to anclose a common group of terms which includes one or more 
groups in parentheses. 

Braces. Used to enclose a common group of terms which includes one of more 
groups in brackets. 

Angle 

Degrees (arc or temperature) 

Minutes, prime 

Seconds, double prime 

Parallel to 

Perpendicular to 

And beyond, ellipsis 
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Mathematical Operations 
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I4y 
-у 


r*y.r X p оглу 


I=} 
r/yor 
l/z 


zh. 


| 


Хох 


Греј 


(z} or F(z) 


чы =i. Ыы 


BEIR ове 


оо кї Olea 
а о fee 
H 


| 


м чы 
че 


у в 


Il 


ml 


e “ач arf] 


[тду 


x added toy, x OH y 
y subtracted from x 


х multiplied by y, x AND y 

х divided by y 

x divided by у 

Heciprocal of x 

x raised to the indicated power of # 
Indicated root (У ) af x 

x is toy 

Absolute value of x, magnitude of x 
Vector А 

Average value of x 

Function of x 

у —1 

Operator, equal to У — 1 

Increment of x 

Differential of x 

Partial differential of x 

Change in x with respect to y 
Derivative of x with respect to y 
Derivative of x with respect to y 
Derivative of x with respect to y 
Partial derivative of x with respect to у 
Summation 

Summation between limits (from a to 4) 
Product 

Product between limits (from a to 5) 
integra! 

integral between limits (from a to 5) 
Integral of x with respect to y 


Evaluated at 2 


Evaluated between limits (from а to $) 


FACTORIALS 


Numerical 


a 


1. 

05 
16556 66666 66666 66667 
O4166 ё 66666 66666 66667 
0833 33333 533333 33333 


0.00138 88888 58888 88859 
(00018 98412 69841 26984 
00002 87301 58730 15873 
00000 31922 39858 90653 
00000 73192 23985 89065 


0.00000 52108 38544 17188 
00000 | 37675 868878 68099 
(00000 60590 43836 82161 
00000 11470 74559 77297 
00000 00764 71637 31820 


0.00000 00047 79477 33239 
00000 | 00002 81145 72543 
20000 00000 15619 20697 б 
20000 00000 00822 06352 121 
00000 00000 00041 10318 | 2432 


лі-1х2х2х4х85,,,п 


© Gos ih o CD & by — 


1 
2 
3 
4 
5 
Б 
7 
8 
9 
10 





FOR EXAMPLE: For n = 7, nl = 5040. 
t/n! = 0.0019841269841265984126984, 
log (лі) = 3.702431. 


Logarithmic 


Logarithms of the products 1X 2X 3... л, л from 1 to 100. 





чу с-з on oR woa P 


0.000000 
0.301030 
0.778151 
1.380211 
2.079181 


2.857332 
3.702431 
4.605521 
5.559763 
6.559763 


7.601156 


8.680337 
9.794280 
10.940408 
12.116500 


13.320820 
14.551069 
15.806341 
17.085085 
18.386125 


19.708344 
21.050767 
22.412494 
23.782706 
25.190646 


2а 
28 
29 
30 


i1 
32 
33 
34 


26.505618 
28.036983 
29.484141 
30.946539 
32.423650 


33.915022 
35.420172 
36.938686 
38.470165 
40.014233 


41.570535 
43.138737 
44.71H520 
45.302585 
47911645 


40.524429 
51.147678 
52.781147 
54.424599 
565.07 7812 


57.740570 
58.412668 
51.093908 
82.784105 
54.183075 


4 
53 
54 


66.180645 
57.906648 
69, 630824 
71.363318 
73.103681 


74.851869 
76.507744 
78.371172 
80.142024 
81.920175 


83.705505 
85.497836 
87.287237 
89.103417 
90.916330 


92.735874 
94, 561949 
96,394458 
98,233307 
100.078405 


| 101.929683 


103.786996 
105.650319 
107.519550 
109 .394612 


БЕСІТЕНЕ ШЕЛ Г = [eii | = Wr ig fa 


111.275425 
113,161916 
115.054011 
116.951638 
118 854728 


120.763213 
122677027 
124.59610% 
126.520384 
128.443803 


130.384301 
132.322821 
134.268303 
136.217593 
138.171936 


140.130977 
142.094765 
144.053248 
148.03637Б 
148.014099 


149 99637) 
151.983142 
154974368 
155.970004 
157 970004 
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RECTANGULAR-POLAR CONVERSION CHART 


This chart quickly converts between cartesian (rectangular) and polar forms of notation. The horizontal (real) and 
the vertical (imaginary) coordinates are used for rectangular notations, and the angular (magnitude) and circular 
(angle) coordinates are used for polar notation. The same units of measurement are used for both systems. This 
makes conversion from one system to the other readily possible. The range of the chart can be extended by 
multiplying the horizontal and vertical axes by the same power of ten. 
FOH EXAMPLE: 
1. 2 + |18 equivalent to 3.6/56° 
2. 70/55? is equivalent to 40 + j57 
3. 6 — 315 equivalent to 6.7/333° 
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GEOMETRICAL CURVES FOR REFERENCE 


Y > Circle res Circle 





АН + \? = а? 
X = асовн.ү = азіп к 





Y  Limacon Y Cardioid 





X? Y? r = а + 6050$ в 
== Ube a>b>o 


X —acosp,Y —-bsin uw 








Y | Lemniscate Y Equilateral! hyperbola ¥ Hyperbola 
b 
X 
Oja 
r= a cos 2 н TS UE eu 
a? t 
y Cubical parabola 
Semi cubical v  Parabola ү ~ Parabola 
parabola 
=X 
0 
ay = хз ат = м ао 





Witch of Agnesi 








г--авіп3н 
і-асов3ш 


v Cissoid of Diocles y  Strophoid 















\ 2а X 
0 | | 
| | 
| | | 
| 
г = acos2 p r=asin2 р Y?(2a — X) = X3 
Y = Exponential curve 
T о Y Logarithmic Curve Probability curve 
I d e 
1 
0 X | 
0 
Ү = ах ү = log, X Ү = е-х? 
Y Y Y 
Cateniary Tractrix 


Hyprocycloid 





X 
(1— cos u) ^" t Y^ = а“ Y = a(cosH = — 1) M = 
T" 


—1Y 
(a sech ЕУ a? — Y?) 


245 


FORMULAS FOR SOLIDS 





Parallelopiped 





Right Circular Cyiinder 


+ 
й! 


Frustrum of Right Cireular Cylinder 


hi 
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Surface Area 
А = 651 


Volume 
Vos! 


D'isgonal 
D = 1.73219 


Surface Ares 
А =Z(ab+the+ue} 


Volume 
V = gbe 


Diagonal 


D= марра 


Surface Area 
А = 1.5708 d (2ћ-+4) 


Yolume 
V m, T854d*h 


Lateral Area 
A 3.1418 r fh+hy} 


Area of Tup Section 


Adae Ie (hy 


Area of Base 
А =s} liir 


Valume 
V = 1.570В У +) 


Right Regular Pyramid 


Surface Area 
А = 1 onbl+Au(area of base] 


Volume 
У = i4ABh 





= 


Right Regular Cone 


Surface Агея 
Aw 1.57080 (.5d 4-1] 


Vaelume 
Ма БТЕ? 





Frustrum of Right Regular Pyramid 


Surface дген 
А = lin (b-F5,) + AB ATI 


Volume 
Y = T4h (An+AT+ УАВАТ) 


= 


Frustrum of Right Regular Cane 


э 
C—~ Surface Area 
А = .3927[d: --d* +4l(d +90 





Volume 
V a ,281Bh 141-09, +r) 


Sphere 





Sector of Sphere 









Me wi 


Segment of Sphere 





— ү 
n Н 





Zone of Sphere 


Surface Area 
А = 2.14164? 


Yolume 
VY = 52350: 


Surlace Ares 
А = 1.5708 т (dh Fc] 


Volume 
V = 2,0944r*h 


Surface Area of Top Section 
A=6.2832rh or 
А = 7854 (Ab! pe) 


Total Surface Area 
А = 1.5708 (2h! 4-07) 


Yolume 
У «1.04 72h? (3r—h) ar 
V «.1318h (Зе 4 -4ht) 


Area of Spherical Surface 
А = 6.2802rh 


Tota] Surface Area 
Am 7854 (Brh + - с) 


¥olume 
Ме LSB (3с +e, + 413) 


Torus 





Ellipsoid 





Parabolotdj 





Surfuce Аген 
А =39.4 Terr, 


Volume 
V = 19.7397, 


Vulume 
У = AgtGabe 


Volume 
V = ,3927ub! 
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AREAS OF A FEW COMMON SHAPES 


SQUARES 
AREA = а? | 
= 
ROUNDS 


AREA = 0.7854d? 


| AREA = 0.7954 ab bs cr 


b 


HEXAGONS 
AREA = 3.464r? d 


RECTANGLES : — 
AREA = ab * 


ووو 
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HALF ROUNDS 


d—4‏ م 


2 
AREA = 2/8910 


HALF OVALS 


AREA = 0.7854 ab aite 8 0, 


4— تة 


OCTAGONS 


AREA = 3.3142 


RIGHT-ANGLED Ф 


TRIANGLE A 
ab 
АБР SR 
وم‎ — 
SEGMENT OF 
ROUNDS 
-h) ИК = 
АВЕО oo a, E | 
m 
EQUILATERAL 
TRIANGLES 
AREA = 0.43301302 b4} 
> 
KEYSTONES ^ + 
= a(b + c) 
AREA = ! 
b+ 


TRIANGLES 

















Б RIGHT-ANGLED 
Known Еп | FORMULAS 
а, € ИЛА = сна = 2,6 = 7 a 
с € 
a,b m nA cen b= em Af att 
"E 
- ~ 2 ны ڪڪ‎ — 
== 28 
=>)" — A, b — ТА, с — 
1 
Aran в көл 
в. | 4 е | 
А, Б ВЯ a=" — ларь ша А, с = 
| s - co. А 

1 

^, € Bob) &— 90* — A, a —«ciin A, b — СЕМА | 
m 1 sin А rey А — cain ЈА | 
p=! +h +¢ 
2 
- OBLIQUE-ANGLED 
НИТИ Un FORMULAS 


in La = [rbi feed сов tax 
2 ЬЕ 2 жа 
NETTE fan S ro {1-Ь] [1-c) 

ыг 2 Үш 


lok =‏ گا 
an — 8 = folic) eo — В =‏ 
nc 2‏ 2 


qjin, lan 1. i= % | {t-a} {r-e} 
ac 1 1 1-6] 


ai „эе | te) bl, ca, tex 
2 nh 


NOM ما‎ 4 ШЕПП 
ђ ab 1 [r- c) 


т 
m 
~ 





еч \/ а (2-0) бебу [ic] 


= a Ил & «= nm С. = a sin [A -F № 
din А ain A sin А 

С = 100" — (А + | 

a! sia B iln С 
“Zain А. 


b 





т, A, L, 


La baia C = 
1 


[r] 
СО HM" (А 8) 


— arin — bund = л ч 
қ gin А ain № gî НЫ — tobat 


5 
m 
> 





a wal C 1 осипа = bein 
1 1 2 





ton A = tint 
Һ--а соя г 
1 — о — hb 1 
E == 100" — (А C) lan — [А — 8) = --С 
180 ни } ав ta 


a, b, C 





— өзім с 
t = = 1 ЕЕ 
ui AJ sb b даһа С 
Areca y ев ип С 
a) = bi ج‎ 1 — 2 be con А, b! = a! + 1 — 2 а сева В. 
Е ат ج‎ В? — 1 о р гоз С 


— = eee "ЖЕНЕ! m 
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VALUES OF FUNCTIONS FOR CERTAIN ANGLES 





i й 


Chord, 


S 3 
i 1 


S 5 
1 i 

S = 
| | 


ШІНШІ 
Шиши. 
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TRIGONOMETRIC FUNCTIONS 


B 

z а 

А ! C 
b 


Fundamental Trigonometrie Funetions 


: a Ф 
мп “= сас А == 
b Ё 

= — I А == 

con А 5 пер р 
lan А =! aie” 
h д 


Functions of one angle 
А cos À = 1 
sectA —тап?А = 1 
actA —со{#А = 1 


Functions of the sum of lwo angles 


мп (А +В) = ПА cosh+cosA sinB 
cos (А +B} м сова cosB—sinA sinB 


Mend +tanB 
teni А ин —tanA tank 
i eotB —1 

С (А TE) et ерд 


Functions of the diference of two angles 


sin (А —В) = а ћА cosB—cosA sinB 

cos А В) = КОЗА cosh "ата sinB 
tan A — јап В 

nit и стат 


— Аре 00А со: В +1 


со В—срђА 
Funetions of one-half an angle 

iw Ld “эшк مد‎ y مع‎ 
sin boa Deos А ++ == 
зїп А. 1 + ЕВА 
соз 19А Быт А = у соза 
1—cosA 1—созА 
ап А =! — = = у = иза 
CMT Tob Г созА 

cot MA = ag TemA 

1 воз А 


Functions of twice an angle 


Functions of Lhree times an angle 


ИЗА, = дата —4ain A 
сова А = d eos! — cos 
Запа —tan*A 
tandÁ = А 
could —3eot A 


ЗА = d3cot'—1 


| Functions — Relationships 


К 2tanA 
&inZA = 2 sinÁ eos A = 7 
сод А = СОЈА —sintA = 1—2sintA 
1—1an!AÀ 
ni Бл. _ M e cue 
PEDE | 1 Trtan?A 
T Pe та А. é sin3À —sinÁ 
"o T—tantA  срадаА + с0вА 
СОМА —1 
СОЕ = Zeot A 


Funetions of angles squared 


ust = 1 (0224 


‚ l1-cos2À 
ЗА = 

cos! A — - 

ЦИА. = oe 

1+ coat A 


ЕЕ 
ls OT 73 


ЗИЗА —ain!B = sin (A+B) sin (А-В) 
costA —sintB = cos (А +B} cos (A — B) 


= es amd = == 1 
sinÁ UNE ahi еовА їапА = 1— eost А 








СОЗА, = un ec وتو‎ cota = x/1—sinfÀ 
sind 
tanA = = | "ру =sind зегА 
cosA 1 
cot = sind " tanÁ = cosÁ ссА 
чие Капа, _ 4 
sinA совА 
йы сад - 1 
ВСА T ПА ВА 


sind +sinB = Zain by (A+B) cos à (A —B) 

sind --sinB = cos УУ (A+B) зіп (А—В) 

cosA {спай = 200510 (A+B) вов A—B) 

созд — сояВ в —2sin16 (A+B) sin!) (A —D) 
3 sin (А +В} 

бара ат EU cosA cosB 

sin (А —HB] 

СОВА cosh 

cota + cot. B «тА. 

sin (B—A} 

ПА sink 


tanA—tanH = 


cota — eot = 
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LISSAJGUS FIGURES 


For two signals having the same frequency ће phase can be determined by measuring the major and minor axes 
ofthe ellipse. The phase angle is equal to twice the angle whose tangent is the ratio of the major axis to the minor 
axis. The absolute accuracy of this method is dependent upon the phase in the horizontal and vertical amplifiers of 
the oscilloscope being equal and the care that is taken to maxe the horizontal and vertical amplitudes equal. 


NO. LOOPS TANGENT TO HORIZ. 
LINE DEPENDS ON VERT. FREQ. 
(IN THISCASE, 3) ^ — 


NO. LOOPS TANGENT TO 
VERT. LINE DEPENDS ON 
HORIZ. FREQ. 


(2) (IN THIS CASE, 2) 


SIGNAL | SIGNAL йо FREQUENCY RATIO = МЕНТ. FREQ.: HORIZ. FREQ. 3:2 
| (FOR EXAMPLE, IF HORZ. FREQ. 15 600Hz 

(USUALLY (MAY BE i 

HIGHER FREQ.) — © у / STANDARD FREQ.) THEM VERT. FREQ. IS 90OHz 


1:1 90^, 270° 1:1 1207, 240" 1:1 7507, 210° hr 120" 


211 90° 2:1 210°, 330" 211 270° 


311 0^, 360" 3:1 45°, 313" 3:1 20°, 270" 
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|! x 3 à 11 


| | | | 


УМУ 


P 525,555 | 
150090) 
(525252555 


ыы 
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PULSE PARAMETER NOMOGRAM 


This normalized nomogram relates pulse rise time, repetition frequency, and pulse width to data channel 
bandwidth. To use the nomogram, connect a horizontal lina through the selected bandwidth. The intersection with 
the other columns gives maximum pulse repetition frequency, minimum pulse width, and minimum risetime. For a 
given bandwidth, any combination of factors below the line can be used. 

FOR EXAMPLE: For a bandwidth of 10 MHz (10 х 10° Hz) the fastest risetime is 0.035 x 107 sec, the 
maximum pulse repetition frequency is 3.34 x 10° pulses per second, and the minimum pulse width is 
0.15 x 107% sec. 


PULSE WIDTH PULSE و ا و‎ FREQUENCY RISE TIME ¥ м BANDWIDTH 
x 
(Hz) 


x 107" 
(sec) ' 


x 107" x 10" 
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PULSE DEFINITIONS 


OVERSHOOT 


100% AMPLITUDE ———_—— 
90% AMPLITUDE | 


“ 
50% AMPLITUDE | 


10%». AMPLITUDE 


TRAILING EDGE AMPLITUDE 
= 


| a — —10% AMPLITUDE 
| —RISETIME 
PREPULSE 


7 BACKSWING 
DISTORTION | 
DECAY TIME— | 
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FREQUENCY-PERIOD CONVERSION _ 


This scale is based on the formula f= 1/T. It converts 
between the frequency (8 and the period (7) of any | | FREQUENCY | PERIOD | 
recurrent waveform between 1 Hz and 10,00 GHz. it is | "4 
useful where a large number of conversions are re- 
quired as in the case when an oscilloscope with a 
lime-calibrated sweep is used for frequency mea- 
surements., 

FOR EXAMPLE: (1) The period of a 40-MHz sig- 
nal is 25 nsec. (2) The frequency of a signal with a 
period of 12.5 usec is 80 kHz. 
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GREEK ALPHASET 


а 


| жж | 


А!рһа 
Beta 
Gamma 
Delta 


Epsilon 
Zeta 
Fta 
Theta 
lota 


Ми 

XI 
Omicron 
Pi 

Rho 
Sigma 
Tau 
Upsilon 
Phi 


Chi 
Psi 
Omega 


Kappa 
Lambda 
Ми 


a> FS DON Meo > | 
È Ck ee - Gt чо ome 
See Gee = мо Лош 





ROMAN NUMERALS ы 
The chief symbols are | = 1; V = 5; X = 10; = 50; С = 100; D = 500; апа М = 1,000. Note that 
IV = 4, means 1 short of 5; IX = 9, means 1 short of ten; XL = 40, means 10 short of 50; and XC = 90, 
means 10 short of 100. Any symbol following one of equal or greater value adds its value-ll = 2. Any symbol 
preceding one of greater value subracts its value-IV = 4. When a symbol stands between two of greater value 
its value is subtracted from the second and the remainder is added to the first- XIV — 14; LIX — 59. Of two 
equivalent ways of representing a number, that in which the symbol of larger denomination preceded is 
preferred—XIV instead of VIX for 14. 
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PHASE ANGLE, TIME INTERVAL, AND FREQUENCY NOMOGRAM __ 

Time delay, phase angle, and frequency are related by the following formula: | 
10°8 

36f 





where 


t is in milliseconds 
0 is in degrees 
f is in hertz 


FOR EXAMPLE: A phase angle of 90° between two 60-Hz wave shapes has a time interval of 4.16 msec. 

NOTE: Corresponding right-hand frequency and time scales are used together as are left-hand frequency 
and time scales. The range of the nomogram can be exlended by multiplying the frequency scale by any power of 
10 and dividing the time scale by the same power of 10. 
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CHARACTERISTICS OF RECURRENT WAVEFORMS—RELATIONSHIP BETWEEN PEAK, RMS, AND AVERAGE VALUES 





Sawtooth wave 
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FOURIER CONTENT OF COMMON PERIODIC WAVEFORMS _ 


The Fourier content of five common periodic waveforms, out to the seventh harmonic, is given in this table. 
Magnitudes only are tabulated—not phase relationships. The magnitudes are those of the voltage waveform, 
followed by the corresponding percentage values in parentheses. If energy content is desired, these values must 
be squared. Note that there are no evan harmonics present in any of the symmetrical waveforms. 


- * | 
== 
= | square 


Rectifier 
Output 


Full-Wave = Е 
Rectifier | Jm 
Output " 2.358) | 55% | (3.6%) 


STATHESIS ПҒА MJUARE WAVE $THTHESIS OT А TRIANGELAN WAYE 


ыы FUNDAM ENT AL FEDQUENCTY 
Lat НАЙМОМ 


FUNDAMENTAL FREQUEMCY 
] т НАЙМОМ 


ЊЕ 


ls; НАЙМ ЫІ 


ТЕТЕ ти n 


1 1 i 
(smi 1/3 n Jib 1/8 von Sab 1/7 ап Ји > - = =! | Ln ик sink g Hn JAH p мч a Tp ena 5». р 


(From May, 1968 Electronic Instrument Digest, copyright © Milton S. Kiver Publications, Inc.) 
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CONVERSIONS FROM DB AND DBM TO VOLTAGE AND POWER RATIOS, AND FROM DBM TO POWER AND VOLTAGE LEVELS 
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POWER {dBm} 


Ratha in 


dk nr ЧЁгп 


4120.0 
+50.0 
440.0 
+59 
+400 


-+30.0 
+200 
+17.0 
-412.98 
412.04 


+9.54 
+4.02 
+3.01 
-- 2.00 
41.06 


DOO 


— 1.00 
--2% 
--2.01 
— 6.02 
— Fd 


— 12.04 
— 11.98 
—17.0 
—10.0 
— 0.0 


—40,0 
— 50.0 
— 0,0 
— 80.0 
—120,0 


¥ollage 
Ratio 
(per unil) 
10" 
104 


Power 
Ratio 


іре! unit) 
19012 
10" 
10* 
10: 
1c" 


10? 
100,0 
50.1 
250 
14.0 
9 00 
400 
2.00 
1.58 
1,25 


1.000 


0.773 
0.533 
0,500 
0.250 
0.111 


0.083 
0.040 
0.020 
9.910 
0.001 


1074 
1072 
107* 
107* 


107 3 


Ralanonships for Either då or dim 


¥ollage 
Katia 


(per cont} 


141 
126 


200 Қо 300 BOO DXX 2060 5000 | 


VOLTAGE LEVEL ту) 


Power 
Rate 


{par cent) 


158 
126 


79,3 
61.3 
59.9 
25.0 
11.1 


0.01 





SOO В) 


pogan 


Powar 
{Referred 


1o 1 mW) 


10 GW 
100 kw 
к 
100 W 
10.0 Wf 


1.00 у 
100 mi 
54] mit 
25 mW 
16 ту 


тү 
4 omit 
2 mW 


1.26 mr 
1.12 mw 


1-00 m 


790 ol 
&JO piv 
500 pW 
250 дуг 
10 дме 


62.5 рат 
40.0 uv 
20.9 uM 
10.0 uv 

1.0 av 


100 mw 
10 nw 
] mi 
10 pw 
Шы 


Voltage 
Across 


50 shams 


424 kV 
2.24 kV 
2424 V 
70.7 V 
22.4 V 


#.07 М 
2.24 V 
1.5? V 
1.12 V 
875 mV 


472 mV 
448 mY 
316 ту 
282 те 
251 mY 


224 mV 


291 mv 
T7B ту 
158 mM 
114 mv 
74.5 mV 


55.0 mV 
44.8 mv 
31.5 ту 
22.4 mY 
7.07 ты 


2.14 ту 


707 ду 

224 рж 
224 uv 

224.nV 


Relationships far dëm Only 


Yaliage 
Асгтіз 


76 chm: 


265 kV 
2.65 kV 
265 V 
83.7 V 
26.5 V 


8.37 V 
2.85 V 
1.88 V 
1.325 V 
1.060 У 


795 my 
530 mv 
374 mY 
334 ту 
297 my 


265 ту 


217 ту 
215 m¥ 
187 mV 
133 mv 
88.3 mV 


65.2 ту 
£3.0 mV 
37.4 mV 
25,5 mV 
8.37 mV 


2.65 ту 
837 nV 
255 иу 

26.5 им 
265 nV 


| Veltaga 
Жегені 
ОД ohms 


775 КУ 
7.75 КУ 
FM 
245 V 
77.5V 


24.5 V 
2.75 ¥ 
5,49 V 
3.875 V 
3.100 V 


4.325 V 

1.550 v 

1.82 V 
976 mV 
RE ту 


#75 ту 


693 mV 
615 ту 
ЗАВ ту 
388 mV 
258 т 


194 mV 

155 mV 

109 ту 
77.5 mV 
24.5 mV 


275 те 
2.45 mV 
775 ну 
77.5 иу 
775 пу 





(From May, 1968 Efectronic Instrument Digest, 
copyright © Milton S. Kiver Publications, Inc.) 


POWER IN MILLIWATTS, WATTS, OR KILOWATTS 





(From May, 1968 Electronic instrument Digest, copyright © Milton S. Kiver Publications, Inc.) 
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DECIBEL NOMOGRAMS НЕР D 
The nomogram below is based on the equation shown and makes possible rapid addition or subtraction of two or 
more dB levels. 

For of-scale levels 1, 2, 5, 10, 20, 30, etc., сап be added or subtracted, simultaneously, to all nomograph 
scale values. For more than two levels, add any two, and to the first sum add the third, etc. 

FOR EXAMPLE: (1) Whatis the combined sound power level of 70, 76 and 80.5 dB? Align (dB), = 76 with 
(dB) = 7Oandread (dB), = 77.0;align (dB), = 77.0with (dB), = B0.5andreadthe answer as (dB), = 82.1 
dB. 

(2) When a fan is on, the sound pressure leve! equals 68 dB and 64 dB with the fan off. What is the sound 
pressure level of the fan? To extend the range of the nomogram, subtract 10 from all scale values; align 
(dB), = 68 = 78 – 10 with (dB), = 64 = 74 — 10, and read (dB), — 75.8 — 10 — 65.8 dB — fan sound pressure 


level. 


A 


17 


78 


79 


82 


81 


өз 
= 
ш 
E 
a 
ш 
a 
ж 
= 
ы 
- 
ш 
2 
б 
= 
2 
и 
a 
m 
= 


B2 


NOTE; ALL 48 
83 SCALE MARKINGS CAN BE 
SIMULTANEOUSLY INCREASED 
84 OR DECREASEO 87 1, 2, 
5, 10, 20, 30, ETC. 


85 
86 
87 

| Wel, 
ва [ж 
90 


EQUATION: 


s] 


10 = 10 +10 
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input and output impedances differ) if inout and output voltages and resistances can be measured. The 


nomograms cover a power range of 10,000 to 1, a voltage range of 100 to 1, and a decibel range from 4-40 to — 40 


With the nomograph below and the one on the next page dB gain or loss of any equipment can be determined 
dB. Voltage and resistance scales of nomogram 1 bearing the same suffix are used together. 


DECIBEL NOMOGRAPHS 


(even if 
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FOR EXAMPLE: Determine the gain of an amplifier that produces an output of 5 V across 8 ahms with a 
10-V signal applied to its 500-ohm input. From nomogram 1, the input power is 9.2 W and the output power [s 3.1 
W. Connecting input and output power on nomogram 11 shows the amplifier gain ta be slightly less than 12 dB. 
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LETTER SYMBOLS FOR QUANTITIES USED IN ELECTRICAL SCIENCE AND ELECTRICAL ENGINEERING 





Extracted from IEEE Standard No. 280 


The tables that follow list quantities grouped in several categories, and give quantity symbols, units based on the 
International System,* and unit symbols. 

Those quantity symbols that are separated by a comma are alternatives on equal standing. Where two 
symbols for a quantity are separated by three dots (...), the second is a reserve symbol, which is to be used only 
where there is specific need to avoid a conflict. As a rule the tables do not indicate the vectorial or tensorial 
character that some of the quantities may have. 

The International System of Units (Systeme International d'Unites) is the coherent system of units based on 
the following units and quantities: 








Unit Quantity 
meter length 
kilogram mass 
second time 
ampere electric currant 
kelvin temperatura 
candela luminous intensity 
radian plane angle 
steradian solid angle 


This system was named (and given the international designation 51) in 1960 by the Conference Générale des 
Poids et Mesures (CGPM). The SI units include as subsystems the MKS system of units, which covers 
mechanics, and the MKSA or Giorgi system, which covers mechanics, electricity, and magnetism. 


*The name ofthe unit is given as a further quide to the definition of the symbol. A quantity shall be represented by the standard 
letter symbol appearing in the table regardless of the system of units in which the quantity is expressed. 


y У“ Quantity | Unir Based an fiamarks 
m uantity Symbol" | international System 


1, Space and Time | 
angle, piene |a, B, y, 8, Ф, | radian Other Greek letters 
| аге permitted where 
ne conflict results. 


= 
Е 


staradian 
meter 

| meter 
meter 
meter 
meter 
meter 
mater 


angle, solid 
length 
breadth, width 
haight 
thickness 
radius 
diameter 
length of path 
line segment 
wavelength 
wave number 


3333 3 3 3 5 


> 


meter 
reciprocal meter 


3 3 


g z lA 
The symbol р is used 
| | in spectroscopy. 
circular wave radian per meter | К = 2т{\ 
number 
angular wave 
number 
area LOT, square meter 
volume V, cubic meter 
time | | second 
period second 
time of ane cycle 


a 
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time constant 
fraquency 


speed ûf rotation 

ratational fre- 
quency 

angular frequency 


angular velocity 
complex (angular) | 


frequency О5- 
cillation con- 
stant 

angular accelera- 
tion 

velocity 

speed of propaga- 
tion of electro- 
magnetic waves 

acceleration 
{linear} 

acceleration of 
free fall gravi- 
tatio па! accel- 
eration 

damping coeffi- 
cient 


T AM 
A SU 


| revalution per second 


radian pêr second 
radian par second 
| reciprocal second 


| radian per second 


squared 
meter рег second 
meter par second 


meter рег second 


squared 
meter per second 
squared 


перег per second 


Mm Dwantit Quantity Unit Based оп Unit 
ы | Symbol international System Зутво! 


| second 
hertz 


Hz 


ris 


rad/s 


rad/s 
571 


rad/s? 


mis 
ms 


гп 


mis 


| Noss 


Remarks 


The name cycle per 


second is also used 
for this unit. The 
symbol for the unit 
сүсіз per second 15 
cis; the use of cps as 


a symbol is depre- 
cated, 

Tha symbol f is used 
in circuit theory, 
sound, and mechan- 
ics; У is used in 
optics and quantum 
theory. 


uj = Iaf 


p= tjw 


In vacuum, Сі; зге 
8.1. 


standard value, б; 
see 8.10. 


lf F isa function of 
time given by F = 
Ae! sin (2ne/T), 


а А 
Commas separate symbols on equal standing, Where two symbols аге separated by three dots the 
second 15 a reserve symbol and is ta be used only when there is specific need to avoid а conflict, See 


Introduction to the Tables, 


logarithmic А 
decrement 


attenuation coef- а 


ficient 
phase coefficient |] 
propagation co- т 
afficiant 
2. Mechanics? 
mass m 
(mass) density p 
momentum p 


moment of inertia | /, J 


second {axial} MP 
moment of ares 
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inumearic) 


nepar рог meter 


radian per meter 
reciprocal matar 


kilogram 

kilogram por cubic 
mater 

kilogram meter per 
sacond 

kilogram metar 
squarad 

meter іс the fourth 
power 


Nevin 


rad/m 
m^! 


kg/m? 
kg * m/s 


ky - m? 


then 5 is the damp- 
ing coefficient. 
А = Tå , where 7 and 
8 are as given іп the 
equation of 1.28. 


та tsp, 


Mass divided by 
volume. 


Quantities 2.4а and 
2 4b should be dis- 


tinguished from 2.4. 


second (polar! 
moment of area 

force 

weight 


weight density 


moment of force 


Torque 
pressure 


normal stress 
shear stress 
irass tensor 


linear strain 
shear strain 
strain tensor 
volume strain 
Poisson's ratio 


Young's modulus 

modulus of 
elasticity 

shear modulus 

modulus of ri- 
gidity 

bulk modulus 


work 
energy 


J, lp mater to the fourth 
power 
newton 


F 
| № newton 


+ nawton per cubic 
meter 

M newton meter 

Г... М newton meter 

p newton per scuara 
mater 


g nawton рег quare 
meter 
T newton par square 
meter 
newton per square 
metar 
{numeric} 
(numeric! 
(numeric) 
(numeric) 
(numeric! 


[= | 


E Dm YY т 
© 


m 


newton per square 
meter 


| G nawtan per square 


metar 


K newton per square 
metar 

| јаше 

E. №! | joule 


| Quantity % Unit Fased on Unit ? 
ато бт Symbol international System 


H/m? 


H/m? 


N/m* 


Him? 


| N/m? 


Nim? 


Hemarks 


They have often 
bean given the name 
“moment of iner- 


5 PE 


tia. 


Varies with accalara- 


tion of free fall, 


Waight divided by 


volurrie. 


The пете pesca! has 


been suggested for 
this unit. 


Lateral contraction 


divided by elonga- 
tion. 


E = gie 


G = rir 


K=-p/é 


L/ is recommended in 


thermodynamics for 
internal energy and 
for blackbody radia- 
tion, 


PThe units and corresponding unii symbols are included for use in electrical science and electrical 


engineer ing. 


ars also used, (USAS Y 10,3 now being revised. 


energy {volume} 
density 
power 


efficiency 
3. Heat? 
absalute tempera- 
ture 
thermodynamic 
temperature 


Ww joula per cubic mater 
Р watt 

т} іпштегісі 

ПЕ kelvin 


Jim? 


үү 


іп mechanics and mechanical engineering other units and corresponding unit symbols 


Rate of energy trans- 


far. 


Wa Js 


in 1967 the CGPM 


voted to give the 
name kevin to the 
SI unit of tempera- 
ture, which was 
formerly called da- 
gree Kelvin, and to 
assign it the symbol 
K lwithout the 
symbol ). 
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2 к Buddy | Unit Based on Unit РР k 
ere Нақ Зутћот international System _ Symbol MUT 


temperature degree Celsius The symbol °C is 

customary printed without 
temparature space between 2 and 
tha letter that fol- 
laws. 

Tha word centigrade 
has been abandoned 
as tha name of a 
tarnmperature scale, 

The units of tempera- 
ture interval or dif- 
farance are identical 
on the Kelvin and 
Celsius scales. Tha 
name kelvin and 
symbo! К were 
adopted by tha 
ССРМ. The name 
degree and the sym- 
bol dag are also 
used, When it is 
necessary to dis- 
tinguish batwesn 
the Fahrenheit de- 
gree and the Celsius 
degree, the symbols 
deg F and deg C may 
be used. 





hest 
internal energy 
heat flow rate 


joule | 
joule 
.g watt Heat crossing a surface 
| divided by time, 
reciprocal kelvin к^“! A temperature coaffi- 
ciant is not com- 
pletely defined un- 
less the guantity 
that changes is speci- 
fied (е.9., resistance, 
length, pressure), 
The pressure (tem- 
perature) coefficient 
is designated by В; 
the cubic expansion 
{temperature} сізеі- 
ficient, by a, Û, ог y. 


temparature co- 
efficiant 


thermal diffu- 
sivity 


square meter per rm? fs 
second 





“The units and corresponding unit symbols are included for use in electrical science and engineering. 
ln mechanical engineering other units and corresponding unit symbols are alsa used. (Cf, USAS 


Y 10.4.1 
thermal cnnduc- deck watt per meter kelvin | W/lm К) 
tivity 
thermal conduc- | Gg watt per kelvin WK 
tance 
thermal resistivity | ag meter kelvin per watt | т. КАМ 
thermal resistance | Ag kelvin per watt КАМ 
thermal capaci- Св joule per kelvin ЈК 
tance 
heat capacity 
tharmal imped- 28 kelvin per watt КЛА 
ance 
| specific heat Е joula par kelvin kilo- | JHK- kg} | Heat capacity divided 
| 


capacity gram by mass. 
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P жылт оу Quantity Unit Based on ә Unit Е R k 
un usd Lid Symbol international! System | Symbol ИДР 





antropy © joule per kelvin JE 
specific entropy 3 joule par kelvin kilo- ЈАК · kgl Entropy divided by 
gram mass. 
enthalpy H joule J 
4. Radiation and Light | 
radiant intensity #.-.фе watt per steradian Vi {т 
radiant power Р,Ф..,Ф, watt ұу 
radiant flux | | | 
radiant Bnergy а... аз joule J The symbol Û ts used 
for the special case 
of blackbody radi- 
| ant energy. 
radiance E. watt per steradian Аг - m?) 
square mater | 
radiant exitance м... Ма watt per square meter | Wim? 
irradiance Е... watt per square meter | W/m 
luminous intensity | f... fy candela od 
luminous flux Ф... Фр luman Im 
quantity of light КЕ. АЈ | Human second | tries 
luminance E... candela per square cd/m? The name nit is some 
| тетаг times used for this 
unit. 
luminous exitance | M... M, | lumen per square Ir /m? 
| meter 
illuminanca ЏЕГЕР lux Ix Ix = im/m? 
illumination 
luminous efficacy | KIA] lurmen per watt Im AN (А) is not part af the 
basic symbol but 
indicates that lu- 
minous efficacy is 
| a function af wave: 
length, 
total luminous K Ki lumen per watt Irn ^N К = p/P 
efficacy | | 
refractive index п ілштегісі 
index of refrac: 
tion 
emissivity eld} {numeric} {A} is not part of the 
basic symbol but 
indicates that emis- 
sivity is a functian 
| of wavelength. 
total emissivity е, EF | (numeric) 
absorptance alà] (numeric) (A) is not part of the 
basic sy mboi but 
indicates that the 
absorptance 15 а 
function of wave- 
length, 
transmittance тік) Іпштегіс| (A) is not part of the 
basic symbo! but 
indicates that the 
transmittance is a 
function of wave- 
| length. 
reflectance pl) (numeric) | [A] is not part of the 
basic symbol but 
indicates that tha 
refiectance is a func- 
| tion of wavelength. 
5. Fields and Circuits 
electric charge а coulomb C 
quantity of eleg- 
tricity 
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5 Quantity Unit Based on | Unit | Remarks 
item чапу | Symbol international System symbol! | 


linear density of А coulomb рег meter | Cim 
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chargé 
surface density of 
charge 
volume density of 
charge 
electric field 
strength 
electrostatic po- 
tential 
‘potential differ- 
ence 
retarded scalar 
potential 
voltaga 
alactroamoative 
forca 
electric flux 
alactric flux 
density 
felectric) dis- 
placament 
capacitivity 
permittivity 
absolute par- 
mittivity 
relative capaci- 
tivity 
relative permit- 
tivity 
dielectric con- 
stant 
complex relative 
capacitivity 
complex relative 
permittivity 
complex dielectric 
constant 


electric suscepti- 
bility 

electrizatian 

glectric polariza- 
tian 

electric dipole 
moment 

(electric) current 

current density 


linear current 
density 


magnetic field 
strength 
magnetic (scalar] 
patential 
magnetic poten- 
tial difference 
magnatomotive 
force 
magnetic flux 
magnetic flux 
density 


Q 


tr. К 


=”, к* 


H 


іу. Um 


ЕР. № 


o 
B 


coulomb per square 
meter 

coulomb par cubic 
meter 

volt per meter 


volt 


volt 
volt 
coulomb 


coulomb рег square 
meter 


farad рег mater 


(numerici 


іга тегіс) 


inumeric} 


volt per meter 

coulomb per square 
meter 

coulomb meter 


ampere 

ampere per Square 
meter 

ampere рег meter 


ampere рег meter 


ampere 


ampere 


weber 
testa 





Сите 
Cim? 
Vim 


V 


Film 


Vim 
Сите 


Ст 


АЈ те 


Aim 


Aim 


Of vacuum, fy, 


5 р go 
Ep “ар Лт 


er is positive for lossy 
materials, The com- 
plex absolute per- 
mittivity Е " fs de- 
fined in analogous 
fashion. 


Хе" erl 


Ё; жі DIT, - E 
Ре 0 - Геб 


Current divided by the 
breadth of the con- 
ducting sheet, 


| T = Wb/m? 


A ——À | Quantity Unit Based on Unit | R " 
e we Symbol international System Symbol! ~ 


magnetic induc- 


tion 
magnetic flux A weber Wb 
linkage 
(magnetic! vector | A ya ber per meter Whb/m 
potential | 
retarded (mag- Ar weber per meter Wb/m 
netic} vector 
potential 
{magnetic} per- р hanry per meter Him Of vacuum, My. 
meability 
absolute ner- 
maability 
relative {magnetic} | ui {numeric} 
permeability | 
initial (ralative) ма inumearic! 
permeability | 
complex relative | щи (numeric} ы? = ші ўш 
permeability ur is positive for 
| lossy materials. Tha 
camplex absolute 
permeability и“ is 
defined in analogous 
| fashion, 
magnetic suscep- | хуу... Hi (numeric) Xm 7 Ûr - 1 
tibility 
reiuctivity p meter рег henry mH = Tin 
magnetization Hi, M ampere per meter | Айт Н, = (BU Н 
magnetic polari- J, В; | tesla T J 9 8-7 Глан 
zation | 
intrinsic rnagnetic 
flux density 
magnetic larga) m ampere meter squared А · та The vector product 
mament m XH is equal to 
the tarqua. 
capacitance C farad F 
elastance 5 reciprocal farad F-! 5-1/С 
(self) inductance | £ henry | Н 
reciprocal in- г reciprocal henry H-Í 
ductance 
mutual induc- | Су Му henry H If only a single mutual 
tance | inductance is in- 
volved, M may be 
used without sub- 
scripts, 
coupling coeffi- Ne. к іпштегіс! к = БЕЛ” | 
cient 
leakage coefficient] dc inurmmeric о= 1" К? 
number of turns А! л іпштегіс| 
lin a winding) 
number of "m inumerig) 
phases 
turns ratio GE Pa [numerrc] 
transformer ratio | a (numeric Square root af the 
| ratio of secondary 
to primary self im- 
the coefficient of 
coupling is high, 
| т = п. | 
resistance R ahm n А | 
resistivity p ohm meter п-т 
WOlumé resistivity 
conductance G mho mho G= Re Y 


The 1ЕС has adopted 
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conductivity 


reluctance 


permeance 

impedance 

reactance 

capacitiva reac- 
tance 

inductive гвас- 
tance 


quality factor 


admittance 
susceptance 


loss angle 
Bctive power 
reactive power 
apparent power 
power factor 
reactive factor 
input power 
output power 
Poynting vector 
characteristic im- 
pedance 
surge impedance 
intrinsic imped- 
ance of a ma- 
dium | 
voltage standing- | 
Wave ratio 
resonance fre- 


quency 


critical frequency 

cutoff frequency 

resonance angular 
frequency | 

critica! angular 
frequency 

cutoff angular 
frequency 

resonance wave- 
length 

critical wave- 
length 

cutoff wavelength 

wavelength іп 8 
guide 





А, Rey as 


Р Ру... 
2 
X 
Xc 
AL 


Q 


it fient Quantity | Unit Based on Unit 
АМ pad Symbof? | international System | Symbol 


mho per mater | mha /m 
reciprocal henry нї 
hanry H 
ohm it 
ohm fi 
ohm п 
ohm i 
(numeric) 
mna mho 
mho mho 

| 
radian radian 
watt ұу 
war yar 
vol tampere VA 
іпштіегіс) 
inumeric) 
YET үү 
watt үү 
Watt per square meter | Wim? 
ohm i? 
ohm 1? 
{numeric} 
hertz Hz 
hertz Hz 

| rmdian per second rad/s 

| | 
radian per second | гад 
meter m 
meter | m 


meter m 


Hernarks 


the name stamens 

(8) for this unit. 

The CGPM has not 

yet adopted а nama. 
y= lp 

The symbol c is used 
in field theory, as y 
ls thera used for the 
propagation coaffi- 
cient. Sae remark 
for 5.50, 

Magnetic potential 
differance divided 
by magnetic flux, 

Poy = TRA | 

2= f +] 


For 4 pure capaci- 
tance, Ae = - Tuc 
For а pure inductance, 
Хр "uL 
Zn (peek anergy stored) 
lenargy dissipated per cycle) 
For а simple reactor, 
a= |x|/8 
Y= = + |B 
See remark for 5.50. 
В = пу 
Sea ramark Гог con- 
ductanca, 
6 = arctan (AZ |X |! 


The name cycle per 
second 1275] is also 
used for this unit. 


пет 


Quantity 

hysteresis coeffi- 
cient 

eddy-current co- 
efficient 

phase angle 

phase difference 


. Electronics and 


Telecommunica 

tion carrier 

frequency 

instantaneous fre- 
quency 

intermediate fre- 
quency 

modulation fre- 
quency 

pulse repetition 
frequency 

frequency devia- 
tion 

Doppler fre- 
quency shift 

pulse duration 

rise time lof a 
pulse) 

fall time (of a 
pulsa) 

decay time (of a 
риба) 

duty factor 

pulse duty factor 

phase propagation 
time 

group propagá- 
tion time 

duration of a sig- 
nal element 

signaling speed 

cathode-heating 
time 

deionization time 

ionization time 

form factor 

peak factor 

distortion factor 

modulation factor 
(АМ? 

modulation index 
(ЕМІ 

signal power 

noise power 

naisg-powser den- 
sity 

energy of a signal 
element 

signal-to-noise 
power, ratio? 

elementary signal- 
to-noise га бе 

gain (power}® 


Quantity 
Symbol 
Kh 


Ке 


$, 8 | 


fe 


Vir 


amplification {сиг- |А 


rent ог vol tage)? 
noise factor® 
nolse figure 


F 


Unit Based on 


Interna попа! System 


(numeric) 
[numeric] 


radian 


hertz 


hertz 
hertz 
hertz 
hertz 
hertz 
hertz 


second 
second 


second 


{numeric} 
cond 


second 


| second 


| baud 


secand 


second 
second 
{numeric} 
(numeric) 
{numeric} 
(numeric} 


(numeric) 
watt 
vyatt 


watt per hertz 


joule 


{numeric} 


| (numeric! 


(numeric) 


| inurnaric) 


(numeric) 


Unit 
Symbol 


rad 


Hz 
Hz 
Hz 


Hz 


МУН? 


Aemarks 


The name cycle per | 
second icis) is also 
used for this unit, 


D "Гр Гр 


R= PP. 


Ag FING 
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Пет Quantity 


bandwidth 
| feedback trans- 

fer ratio 

critical frequency 
of an ionized 
laver 

plasma frequency 

ion (number) 
density 

mobility [of a 
charge carrier 
in a medium] 

rate of production 
of electrons per 
unit volume 

recombination 
coefficient 

effective attach- 
ment coefti- 
cient 

u-factor 


amplification fac- 
tor 


interelectrode 
transadmittanca 

interelectroda 
transcanduc- 
tance 


mutual conduc- 
tance transcon- 
ductance 


conversion trans- 
conductance 


plate resistance 
anode resistance 

anode dissipation 
power 

grid dissipation 
power 

saturation cur- 
rent of a cath- 
ode 
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Quantity 
Syrmba! A 


шј 


Vij 


Sij 


9m. ag 


Әс 








international System 
hertz Hz 
[numeric] 
hertz Hz 
hartz Hz 
ion per cubic meter m? 
square meter per volt 

second 
electron-per cubic m 3s 

meter second 

cubic meter per sec- rm? /5 

ond 
reciprocal second gl 
{numeric} 
foumeric) 
mho mha 
mho mha 
mhao mhg 
mha mha 
ohm п 
we Et Мү 
watt mul 
ampere A 


Unit Based on 


Unit 
5ymbo! 


m*?/(V ° 5) 


Hernarks 


See ramark for 
carriar frequency. 


See ramark for 
carrier frequency. 


+ See remark for 


carrier frequency, 


ну = ERREDH where 
vj and vy are the 
valtages af the ЯН 
and Аһ electrodes, 
and the current to 
the ИІН electrode and 
811 electrode volt- 
ages other than v; 
and uj are held con- 
stant. 

The amplification tac- 
tor is the u-factor 
for the anode and 
cantrol-grid alec- 
trades. 

See remark for 
conductance, 

The real part of the 
interelectroda trans- 
mittance, Seg 
conductance, 

The mutual condug- 
tance is the control- 
grid-to-anode trans- 
conductance, Sea 
conductance 

Transtonductance de- 
fined for a heter- 
dodyne conversion 
transducer. See 
conductance. 


item Quantity rd 


secondary-emis- $ 
siün га о 
temperature of THg 
mercury con- 
densate 
radiant sensitivity — £ 
of a photatube, 
dynamic 
rediant sensitivity f 
of a phototube, 
static 
luminous sensi- Sy 
tivity of a 
photetube, 
dynamic 
luminous sensi- Sy 
tivity of a 
phototube, 
static 
Subscripts, electronic tubes 
anode 
cathode 
grid 
heater 
filament [emirtingi 
fluorescent screen or target 
external conducting coating 
internal conducting coating 
deflector electrode 
internal shield 
wave-retardation electrode 
beam-farming plate 
switch, moving contact 
switch, fixed contact 


Subscripts, semiconductor devices 


emitter terminal 

base terminal 
collector terminal 
anode 

cathode 

control terminal (дате) 
junction (general) 


7. Machines and Power Engineering 


synchronous тү 
speed laf róta- 
tion) 

synchronous an- 421 
диаг frequency 

slip 5 


number of poles р, 2р 


pole strength р...т 


олрРОШИП 


kelvin 


ampere per watt 


ampere per watt 


ampere par lumen 


ampere рег jumen 


a. с дА ote 
< 


а го oO poc 


=. 
- 


revolution per second 


radian per second 


(numeric) 


{numeric} 


weber 


Unit Based on Unit 
International System Symbol Rernarks 


| Inumerict 


ІК 
Ала 
АЛИ 
А гп 
| АЙт 
| ris 
rad/s 
The IEC gives p far 
the number of pairs 
of poles, although p 
has been widely 
used in the tJ 5. for 
the number of 
| poles. Where am- 
biguity may occur, 
the intended mean- 
ing should be indi- 
cated. 
Wa 
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LETTER SYMBOLS FOR UNITS USED IN ELECTRICAL SCIENCE AND ELECTRICAL ENGINEERING 


Extracted from IEEE Standard No. 260 


The use of unit symbols, instead of the spelled-out names of the units, is frequently desirable where space is 
restricted. Their use presupposes that the reader will find them intelligible. If there is any doubt that the reader will 
understand a symbol, the name of the unit should be written in ІШІ. When an unfamiliar unit symbol is first used in 
text, it should be followed by its name in parentheses; only the symbol need be used thereafter. Explanatory notes 
or keys should be included where-appropriate on drawings and in tabular matter. 

The use of unit symbols is never mandatory, but when unit symbols are employed they must conform to those 
given in the Standard. 


List of Symhols 


Symbols for units are listed alphabetically by name of unit below. The list is intended to be reasonably complete, 
but could not possibly include all units that might conceivably be used in modern electrical technology. Many 
compound symbols and many illustrations of the use of the metric prefixes are included. Other combined forms 
may easily be constructed. 

Every effort should be made to maintain the distinction between upper- and lowercase letters shown in the 
list, wherever the symbols for units are used, even if the surrounding text uses Uppercase style. 

In the notes accompanying the symbols, some units are identified as 51 units, These units belong to the 
International System of Units (Systeme International d'Unités), which is the name given in 1960 by the Conference 
Generale des Poids et Mesures to the coherent system of units based on the following basic units and quantities: 


Unit Quantity Unit .. Quantity | 


meter length ampere electric current 
kilogram mass kelvin temperature 
second time candela luminous intensity 


The SI units include as subsystems the MKS system of units, which covers mechanics, and the MKSA or 
Giorgi system, which covers mechanics, electricity, and magnetism. 


Symbol Remarks 


ampere А 
ampere-hour Ah 
ampere-turn At 
angstrom A 
atmosphere 
normal atmosphere | 1 atm = 101 325 N/m? 
technica} atmosphere 1 at = 1 kgf/cm? 
atomic mass unit (unified) The {unified} atomic mass unit is defined as 
one twelfth of the mass of an atom of the 
"C nuclide. Use of the old atomic mass 
unit {amu), defined by reference to oxy- 
gen, is deprecated. 
bar 1 bar = 100 000 N/m? 
barn 1b=10°% п? 
bei 
billion electronvaolts The name billion electronvolts is depre 
cated; see gigaelectronvojt. 
British thermal unit 
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LETTER SYMBOLS FOR UNITS USEDIN ELECTRICAL SCIENCE AND ELECTRICAL ENGINEERING 





Unit symbol Remarks 
calorie (International Table calorie) сайт. 1 сайт = 4.1868 J 
The 8th Conferénce Générale des Poids et 

Mesures has adopted the joule as the unit 
of heat, avaiding the use of the calorie as 
far as possible 

calorie (thermochemical calorie) Calin 1 са, р = 4.1840) [See note for Interna- 
tional Table calorie.) 

candela cd 

candela per square foot с? 

candela per square meter cd/m’ The name nit is sometimes used for this 
unit. 

candle ed The unit of luminous intensity has been 
givén the name candela; use of the name 
candle for this unit is deprecated. 

centimeter cm 

circular mil cmil 1 emil = (1/4) · 107" in? 

coulomb зж 

cubic centimeter cm? 

cubic foot té 

cubic faot per minute ft? /min 

cubic foot per second ft? fs 

cubic inch їп? 

cubic meter m? 

cubic meter per second m? fs 

cubic yard yd? 

curie Ci Unit of activity in the field of radiation 
dosimetry 

cycle per second c/s The name hertz {Hz} is internationally ac- 
cepted for this unit, 

decibel dB 

decibel referred to ane milliwatt dBm 


degree (plane angie] 


degree (temperature) Note that there is no space between the 


degree Celsius а symbol " and the letter, The use of the 
degree Fahrenheit *F word centigrade for the Celsius tempera- 
kelvin K ture scale was abandoned by the Con- 
ference Generale des Poids et Mesures in 
1848. In 1967 the CGPM gave the name 
Kelvin 1a the SI unit of temperature, 
which was formerly called degree Kelvin, 
and assigned it the symbol K (without 
the symbal 71, 
dyne dyn 
alactronvolt eV 
eng erg 
farad Е 
foot ft 
footcandie ic The name Annen per square foot üum/tt? ) is 


preferred for thi 


s unit, 
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Unit 


footlambert 


foot per minute 
foot per second 


foot per second squared 


foot poundal 
foot pound-force 
gal 

gallon 

gallon per minute 


Gauss 


gigacycle per second 
gigaelectronvolt 
gigahertz 

gilbert 


gram 

henry 
hertz 
horsepower 
hour 


inch 

inch per second 
joule 

joule per kelvin 
kelvin 


kilocycle per second 
kiloelectronvolt 
kliogauss 

kilogram 
kilogram-force 


kilohertz 

kilojoule 

kilohm 

kilometer 
kilometer per hour 
kilavar 





Symbol 
س‎ ee o 


fL 


ft/min 
ft/s 
ft/s? 

ft ра! 
ft- Ibf 
Gal 

gal 
gal/min 


G 


Ge/s 
GeV 
GHz 
Gb 


тг “а 


Hz 
hp 


in/s 


НЕ 


kc/s 
keV 
kG 
kg 
kgf 


kHz 
kd 
ко 
km 
km/h 
kvar 


Remarks 


If luminance is to be measured in English 
units, the candela per square foot (cd/ft? ) 
is preferred. 


1 Gal = 1 cm/s” 

The gallon, quart, and pint differ in the 
U.S. and the U.K. and their use is depre- 
cated. 

The gauss is the electromagnetic CGS unit 
of magnetic flux density. Use of SI unit, 
the tesla, is preferred. 

see note for cycle per second. 


The gilbert is the electromagnetic CGS unit 
of magnetamotive force. Use of the 5] 
unit, the ampere {ог ampere turn], is pre- 
ferred. 


Time may be designated as in the following 
example: 97457407, 


In 1967 the СОРМ gave the name kelvin 
to the 5| unit of temperature which had 
formerly been called degree Kelvin and 
assigned it the symbol К (without the 
symbol |. 

See note for cycle per second, 


In some countries the name kifapond (kp) 
has been adopted for this unit, 





Unit Symbol Remarks 

Kilovolt kV 

kilovoltampere КУА 

kilowatt KW 

kilowatthour kWh 

knot knot 

lambert L The lambert is the CGS unit of luminance. 
Use of the SI unit, the candela per square 
meter, is preferred. 

liter І 

liter per second TE 

lumen im 

lumen рег square foot im/ft? 

lumen per square meter Im/m? 

lumen per watt Im/AV 

lumen second Im: 5 

lux іх lx = 1 пит? 

maxwell Мх The maxwell is the electromagnetic CGS 
unit of magnetic flux, Use of the SI 
unit, the weber, is preferred. 

megacycle per second Me/s see note for cycle per secand. 

megaelectronvolt MeV 

megahertz MHz 

megavolt MV 

megawatt MW 

megohm Mtl 

meter m 

mho mha The IEC has adapted the name siemens (6) 
for this unit, 

microampere HĀ 

microbar ubar 

microfarad ШЕ 

microgram ug 

microhenry uH 

micrometar um 

micromho umho See note for mho. 

micron шт The name ayerameter is preferred, 

microsecond Ив 

microsiemens nS 

microwatt uy 

mil mi! 1 mil = 0.001 in 

mile [statute] mi 

nautical mile nmi 

mile per hour mi/h 

milliampere mA, 

milibar mbar 

millibarn me 

та! mGal 

milligram mg 

millihenry mH 
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Unit Symbol Hemarks 


ААА 


millititer mi 
millimeter mm 
conventional millimeter of mercury mmHg 1 mmHg = 133,322 N/m? 
millimicron nm The name nanometer is preferred. 
millisecond ms 
millisiemens mS 
пи мо mV 
milliveatt mW 
minute {plane angle} i 
minute [time] min Time may be designated as in the following 
example: 9" 46" 305 
nanoampere nA 
nanofarad nF 
nanometer nm 
nanosecond ns 
nanowatt ам 
nautical mile nmi 
neper Np 
newton N 
newton meter Мт 
newton per square meter Nim? 
oersted Qe The oersted is the electromagnetic CGS unit 
of magnetic field strength. Use of the 51 
unit, the ampere per meter, is preferred. 
ohm P 
ounce (avoirdupois) 02 
ріссатреге рА 
picofarad pF 
picosecond ps 
| picowatt pw 
pint pt The gallon, quart, and pint differ in the 
U.S, and the U.K., and their use 15 dep- 
recated. 
pound In 
| poundal ре 
pound-force Ibf 
pound-force foot Бе ft 
pound-force per square inch Ibffin? 
pound per square inch Although use of the abbreviation psi is 
common, itis not recommended. See 
pound-force per square inch. 
quart qt The galion, quart, and pint differ in the 
L.S. and the U.K., and their use is 
deprecated. 
rad rd Unit of absorbed доза in the field of ra- 
diation dosimetry. 
radian rad 
rem rem Unit of dase equivalent in the field of 


radiation dosimetry. 


282 





Unit Symbol Aemarks 

revolution per minute r/min Although use of the abbreviation rpm is 
common, it is not recommended. 

revolution per second Г/5 

roentgen A Unit of exposure in the field of radiation 
dosimetry. 

second (piane angie) - 

second [time] 5 Time may be designated as in the following 
example: 9°46 30°. 

siemens 5 15=10! 

square foot ft? 

square inch in? 

square meter m? 

square yard уа? 

steradian sr 

testa “Т 17-1 Мот? 

топпе 1 1 t= 1000 kg 

(unified) atomic mass unit u The (unified) atomic mass unit is defined 
as one-twelfth af the mass of an atom of 
the С nuclide. Use of the old atamic 
mass unit {amu}, defined by reference to 
oxygen, is deprecated, 

var var Unit of reactive power 

volt v 

voltampere VA Unit of apparent power 

watt W 

watthour Whi 

watt per steradian Wisr 

watt per steradian square meter W/sr - т?) 

weber Wb TWh=1¥ "5 

yard yd 
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CONVERSION OF ELECTROMAGNETIC UNITS 
Three common systems of electromagnetic units are in universal employ. They are: 


1. The absolute system of CGS electromagnetic system. 
2. The practical CGS electromagnetic system. 
3. The MKS system (Gaussian or Giorgi depending upon the choice of constants). 


The chart allows rapid conversion from one system to another. In any one row, any quantity divided by any 
other quantity produces unity. 


These Quantities Are Those Effected by Rationalization 
aa |. Unrotionalized 


SE чы EM ICGS ES legs EM CGS ES 


Un Раја Қа dut тиче 


12: x 105 


x 105 
ее Пат х 1910 

я х 10-5 ل‎ СЕ 10-5 | 
Var 
Мат x 15 [4r 
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Сольные 2 122 210 Statcoulomb/cm2 |С TYE. ЊЕ T— few 


2Z 2Z‏ + ڪج س ج a a 1 ааа а А a R———‏ کک کے 


Magnetic 
Е x 107 dn x 10-3 125 х 107 


field intensity 
TT 0-7  |V3x 1-10 Ae 
| Ván Маи х 10-3 [3/4 x 107 RCM: x 17 | 
Мат x 3 Пт [Vásx 1010 


1/12 x 1077 Vs тох 10-10 


јуз x 19-10 | 
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Practical Unit Electromagnetic Electrostatic 
Unit Unit 
ЕСІНЕН БЕНЕН [ 260565 O 


117? Ablacad к 9 x 101! Зна наго 
|| E 











1. Caparitancu 


Hime 00 P a 1020 Stetfored 

1/9 x 1-11 Farad totfarod _ 

| Сом от ч 3 x 109 Statcowlomb 

10 Coulomb ж 3 х 1210 Statcoulomb 

1/3 ж 10-9 Соџћетћ | Statcouloms | 
1 Covlomb /m3 du] Ji Statcoukg реет? 
| 107 Coulemh/m |1 Abzaulomb/em? "m 3s 10 10 Slatraplamb/cm3 
1/2 x 1073 Ceulomb/m3 _ | 1/2 1071 Abezulamb/cm? | Statcoukumb/cn2 


1 Мћогт | 1071! Abmha/cm зк $ к 107 Зайт ст 
9 к 1020 Stotmba/em __ 








3. Charge density 





4, Conductivity 


1/9 x 10-9 Mha/m 1/9 а 10720 Abmho/em LStelmhofem | 
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10 Атрега E 3 x 010 баатраа 
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1 Amper a, н i G pare: Ja 105 Sto tampnre ста 2 
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7, Electric Пеја intensity 
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EE x | 
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12. Flux density 
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= 
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15. Magnetic flux 
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17. Permechil ity 





17, Нан шШағға 
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SPACE-TIME-VELOCITY AND ACCELERATION FORMULAS 


This tabulation presents all basic linear motion formulas with all their variations. Terms are defined and units of 
measurement are specified. 





А = Acceleration or deceleration—f /sec/sec (32.2 for gravity) 
D =Distance—tt (may be used in lieu of “Н” in vertical free fall) 
E =Energy—f—ibs 
Е =Force—ibs 
Н =Height—ft (may be used lieu of "D" with A—32.2) 
2 

М = bass OTRA. = [b—sec" 

32.2 ft 
T =Time—sec 
М = Average velocity—ft /sec 


= 


V, = Final мејоску— 1 /sec 
М = Initial velocity—ft /ѕес 
үү = = Weight—Ibs 


ы‏ و 


To Те Find. 


та m en = 
| iss 5 | 


Formulae 
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LASER (EYE HAZARD) NOMOGRAM 


This nomogram is used to estimate the safe range at which an object may be illuminated directly. It incorporates а 
scale for the introduction of loss factors including losses in the eye, optical surfaces external to the laser mirror, 
and optical losses. 

FOR EXAMPLE: Assume system losses of 50%, a pupil diameter of 4 mm, a laser output of 0.05 J, and a laser 
beamwidth of 1 mrad. Connect loss factor and pupil size to turning scale(1), from that point to laser output of 0.05 
J to turning scale(2), then through safety threshold point to turning scale( 3 ), and finally through laser beam- 
width (4 to distance line. іп this case the safe range is approximately 4.0 km or 2.6 statute miles. 

NOTE: “Safe” threshold levels are a subject of some controversy and the figures specified in the nomogram 
should be interpreted in the light of most recent information. 
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LASER RADIATION NOMOGRAM 


This nomogram relates laser radiation terms, which may be given as photon energy, wave number, frequency, or 
wavelength. Any of thase terms can be converted to the others by a horizontal line across the nomogram. 

о FOR EXAMPLE: 1. Light at a wavelength of 0.5 » can also be described as having (1) A wavelength of 5000 
А, (2) a frequency of 600 THz or 6 х 107 Hz, (3) a wavenumber of 20,000 cm™', and (4) a photon energy of 2.48 


ev. 


2. Electrons when falling through 4 V will radiate at 3100 À. 
3. Light at 200 THz will produce conduction in semiconductors with band-gaps up to 0.83 V. 
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SPECTRAL CHARACTERISTICS OF PHOTORECEPTORS AND LIGHT SOURCES 


This figure shows spectral sensitivity of various photoreceptors. Response of cadmium sulfide cells is similar to 
that of the human eye, but other commonly used receptors perform best at wavelengths invisible to the eye. 
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PHOTOMETRY NOMOGRAM 2 
This nomogram solves the light intensity equation: 


candlepower 
foot-candles = ВЕ: И 
(distance in feet)? 


which assumes a point source (distance greater than five times maximum lamp dimension). 
Most lamps are classified according to wattage, and the following approximate relations apply: 
1. The shorter the rated life of the lamp, the higher the efficiency top/watt) and the higher the color 
temperature of the light. 
2. For standard 120-V inside-frosted incandescent lamps rated for 1,000 hr, the following hold true: 


. Efficiency increases with increasing wattage. 

. A25-W lamp is approximately 19 cp, a 60-W lamp about 60 cp, and a 150-W lamp is near 200 cp. 

. Color temperature increases with increasing wattage (150-W lamp is near 2,900 К). 

. When lamps are operated at constant voltage, light output falls with time, rapidly during the first 50 
hrs and more slowly thereafter. 

e. When lamps are operated at constant current, light output rises with time, slowly at first, then 

accelerating to catastrophic failure. 


FOR EXAMPLE: A 6-cp lamp will produce a light intensity of 100 fc, at a distance of 2.94 in. (0.245 ft} from 
the lamp filament. The same lamp will provide 1 fc at 29.4 іп. and 0.01 fc at 294 іп. 


oa Û Ф 


Several Useful Definitions 


A foot-candie is the illumination produced when the light from one candle falls normally on a surface at a distance 
of one foot. 

A lux (commonly used in Europe} is the illumination produced when the light from one candle falls normally on 
a surface at a distance of one meter. 

A point source emitting light uniformly in all directions radiates 4r lumens/candle, 

A lambert is the brightness of a perfectly diffusing surface emitting or reflecting one lumen per square 
centimeter. 

А foot lamben 1 іт candles/f*. 
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MINIMUM DETAIL THAT THE HUMAN EYE CAN RESOLVE 
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SUGGESTED VALUES OF ILLUMINANCE 


Auditorium 10 fe 


Lecture room—iibrary 30 fc 
Classroom 30 fe 
Drafting room 30 fc 
Low-contrast work inspection 250 fc 
Hospital operating room 500- 1,000 fc 


308 


ILLUMINATION UNITS CONVERSION МОМОСКАМ 


This nomogram relates candles/square foot, footcandles, lumens/square foot, lamberts, foot-lamberts, 
lumens/square centimeter, candles/square centimeter, candles/square inch, end lux, and it is based on the 
following relationships: 
foot-lamberts = lumens/square foot = foot-candles = 10.764 [их 
lambets = lumens/square centimeter = 295.72 candles/square foot = 929.03 lumens/square foot 
lux = lumens/square centimeter and candles/square centimeter = 3.14159 lambert 
A line from any known value through the index point intersects all other scales at corresponding values. 
FOR EXAMPLE: 
4L = 8.2 салп. 3,715 МАЕ 
= 4,400 fc 1,183 сале 


NOTE: the ranges can be extended by multiplying all scales by the same power of 10. 
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UNITS USED IN PHOTOMETRY AND RADIOMETRY 


Measurements of Sources (as Seen by Observer) 
(Examples: Lamps, Stars, T.V., Lighthouse) 


Hadiometric 
(Wide Band 
Receiver) 







Measurement 





Total emission Power: watts 


Emissions into a 
soiid angle from 
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Intensity: 
watts/steradian 


Radiance 
watts/m? /steradian 


Emissions into a 
solid angle from 
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Emittance 
watts/m? 


Emission into 
all angles point 
sourca 
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Photometric 


(Eye will be the Receiver] Where Used 


> Lumens Lamps light standards 


Luminous Intensity Stars 
Lumen 
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also: 
1 foot candle = 10.764 lux 


Typical Measurements and Values 


Total Emissions Luminance illuminance 


Photometric | Radiometric Photometric | Photometric | Radiometric 
Source Lumens Watts Foot Lamberts | Lumens/m* i 





Sun {noon} 
Lightning Fiash 
100W Lamp 1630 30 
ДОМ Flourescent Lamp 2560 16 
Moon 
Twilight 
Starlight (Total) 
(zero magnitude) 
(6th magnitude) 


W/m 
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ILLUMINATION POWER CONVERSION NOMOGRAM 


This nomogram relates international lumens, watls, and candlepower, Select the known value. A line from that 
point through the index point intersects other scales at corresponding values. 
FOR EXAMPLE: 


5 Im = 0.0074 W 
50 im = 3.98 cp 


NOTE: the ranges can be extended by multiplying all scales by the same power of 10. 
The nomogram is based on the following: 


$ ср = 12.566 Im 
1 im = 0.001496 W 
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TABULATION OF SOUND INTENSITY LEVELS 


This tabulation extends from the barely audible to the unbearable and/or damaging sound intensity levels. The 
various levels are given in terms of sound pressure in dynes per square centimeter, sound intensity (at the 
eardrum) in watis per square centimeter, and intensity level in decibels above 10779 W/cm’ and related to familiar 
sound situations. 

FOR EXAMPLE: A faint ta moderate sound such as can be found in an average residence i is equalto a sound 
pressure of 0.024 dyn/cm?, which produces a sound intensity at the eardrum of 107 '* W/cm? (1 pW/cm*) and is 
equal to an intensity level of 40 dB above 107° W/cm’. 
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EQUAL LOUDNESS CURVES OF THE AVERAGE HUMAN EAR : ks. 


The curves show that the frequency response characteristic of the human ear varies with the loudness of the 
sound. At low sound levels the ear is relatively insensitive to the lower frequencies, which must be at least 60 dB to 
be heard. Higher sound levels are heard nearly equally well at the high and low frequencies. Therefore, for 
listening at low volurne levels, the low frequencies must be boosted considerably to produce the effect of equal 
loudness and to avoid an apparent lack of low frequency tones. The ear is most sensitive to sounds in the 2,000 to 


4,000Hz range. 


(20- to 29-year old subjects) 
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REVERBERATION TIME 


These graphs determine the optimum recommended reverberation time as a function of room volume and usage. 
The optimum times for speech rooms, motion picture theaters, and school auditoriums are given by a single line, 
whereas the optimum time for music is a broad band. Furthermore, the optimum reverberation time is not the same 
for all kinds of music. For example, slow organ and chorai music require more reverberation than does a brilliant 
allegro composition played on woodwinds or a harpischord. 

The first chart is used to find the optimum reverberation time for frequencies above 512 Hz. For lower 
frequencies that value must be multiplied by the appropriate factor in the second graph. For small rooms the lower 
part of the shaded portion (closer to 1.0 should be used.) 
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PHYSIOLOGICAL EFFECTS OF ELECTRIC CURRENT ОМ THE HUMAN BODY 


The chart shows the physiological effect of various current densities on the human body. Voltage i is not the prime 
consideration, though it takes voltage to produce the current flow. The amount of shock current depends on the 
body resistance between the points of contact and the skin condition, (that is, moist or dry). For example, the 
internal resistance between the ears is only 100 ohms (less the skin resistance), while from hand to foot it is close 
to 500 ohms. Skin resistance may vary from about 1,000 ohms for wet skin to over Ya Моћт for dry skin, and is 
even lower for ac. 

The chart shows that shock becomes more severe as current rises. At values as low as 20 mA breathing 
becomes labored, and as the current approaches 100 mA, ventricular fibrillation of the heart occurs. Above 200 
mA, the muscular contractions are so severe that the heart is forcibly clamped during the shock. This clamping 
protects the heart from going into ventricular fibrillation and the victim's chances for survival are good if the victim is 
given immediate attention. Resuscitation, consisting of artificial respiration, will usually revive the victim. 
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CHARACTERISTICS OF MINIATURE INCANDESCENT LAMPS 


This graph relates light output, current, and life of incandescent lamps with rated (design) voltage. The curves 
show that the light output varies directly as the applied voltage raised to the 3.4th power, while life is inversely 
proportional to applied voltage raised to the 12th power. 

FOR EXAMPLE: At 110% of rated voltage, the current will increase by 5%, light output increases by 40%, 
and life will be reduced to nearly 35% of that at design voltage. 

At 80% of rated voltage, current decreases by 10%, light output drops by more than 50%, but lamp life is 
increased to 18 times normal. 
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НА AND MILITARY DESIGNATIONS СР TEMPERATURE 
CHARACTERISTICS AND TOLERANCES FOR CERAMIC DIELECTRIC CAPACITORS 


General Application and High-K Capacitors 
EIA 





Minimum Maximum | Range 
Temperature Temperature 


+ 1095 

+ 15%, 

+ 22% 
—33%, +22% 
—56%, +22% 
—$2%, +22% 





Military 


ин: 0+30ррт/°С zo 
— ^ ЧУА, РЖ 
—66%, +22% 

—25%, + 15% 


—55*C to +85°C No Voltage Applied — — With Voltage Applied 


+ lay 
—70%, +30% -80%, +30% | 
+ 20% —30%,4+20% | 


Example: BX means a max. сар, change of + 15% with no applied voltage or —25%, +159 with applied voltage over the tem- | 
perature range of — 5590 to +1 26°C. 


From Engineering Bulletin 60980, copyright © 1975 by Sprague Electric Company. Reprinted courtesy Sprague 
Electric Company. 
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Temperature Stable and Temperature Compensating Capacitors 


EIA 


Significant Tolera nce 
| Figures in ррт/% 


#30 

+ 50 
+ 120 
+ 250 
+ 500 
+ 1000 
+ 2500 


0 
] 
2 
3 
5 
б 
7 
8 


Example: characteristic COG is 0-- 30ppm/^C. For many years these capacitors were known by lhe trade designation НРО, 
which stoad for Negative-Positive Zero, 
Exceptions: 520 = any temp. coeff. between +100 and —/50ppm/°C 
U2M = any temp. coeff. between +150 and —1500pom/°C 
SIN = any temp. coeff. between — 1000 and —5200ppm/°C 





Military 








Tolerance in ppm/°C 


EIA and = | El and | 
Military Tolerance Military Tolerance Sprague 


Е 
+ 
+ 2067 


+ 340% 

СМУ or -0%, +100% 
-20%, +40% 
—20%, +50% 
—20%, +80% 


Copryright &, [v75, Sprague Electric Company, North Adami, Мам, 
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GENERALIZED RADIOACTIVITY DECAY CURVE 


Knowing the isotope half-life, its original activity at some particular time, it is an easy matter, using the chart, to 
determine the residual activity. at some subsequent time. 

FOR EXAMPLE: А sample of radioactive iodine—131 has an activity of 10 2С, find the remaining strength 20 
days later. 

ANSWER: From an appropriate source determine the half-life of the isotope. For radioactive iodine—131, the 
half-life is 8.1 days. 

Calculate how many "half-lives" there are corresponding to the time interval in question, that is, divide the 
time interval by the half-life: in this case 20/8.1 = 2.47. 

Enter this value on the horizontal axis of the chart and read the "fraction remaining" on the vertical axis as 
shown by the broken lines. In the case under consideration the value is 0.177, 

Multiply this value by the original activity thus giving a final value of 1.77 pC. 
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(From Electronics and Communications, August, 1962.) 
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CATHODE-RAY TUBE PHOSPHOR CHARACTERISTICS 





Color Spectra! 

























































































Type Fluorescence Phosphorescence Range A° Persistence Application 
P1 Yellow-Green Yellow-Green 4900-5800 Medium Oscillography 
Ре Yellow-Green Yellow-Green 4400-6100 Medium Oscillegraphy 
P3 Yellow-Orange X Yellow-Orange 5040-7000 Medium No longer in general use 
P4 White White 4100-6900 Medium short Television ч 
P5 Blue Blue 3500-5600 Medium short Photographic 
P6 White White 4160-6850 Short No longer in general use 
P? White Yellow-Green 3900-6500 One, medium short; Radar and oscillography 
One, long 
P10 Dark trace: color depends upon ` 4000-5500 Very long Radar 
absorption characteristics and 
type of illumination 
P11 Blue Blue | 4000-5500 Medium shart Oscillographic recording 
P12 Orange Orange Е 5450-6800 Long Hadar 
P13 Hed-Orange Red-Orange_ LL. Medium No longer in general use 
Pid Purpie-Blue Yellow-Orange 3900-7100 One, medium shorn, Radar 
One, medium 
P15 Green Green 3700-6050 visible, short; Fiying spat scanning 
4 Ultraviolet, vary short — systems; photographic 
P16 Blue-Purple and  Blue-Purple and 3450-4450 Very shor Flying spot scanning 
near № near UV systems; photographic 
P17 Yellow-White to Yellow 3800-6400 Оле, shor; One, long Radar 
Blue-White 
P18 White White 3260-7040 Medium to Television 
medium short 
P19 Orange / Orange 5450-6750 Long - = Radar 
Р20 Yallow-Green Yellow-Green 4850-6700 Medium to Radar 
medium short 
P21 Red-Orange Hed-Orange 5540-6500 Medium Radar 
P22 Tri-color 4900-7200 Medium short Color Television 
P23 White White 4100-7200 Medium to Television 
E > medium short = 
Р24 Green Green 4300-6300 Short Flying spot scanning systems 
P25 Orange Orange 5300-7100 Medium Radar 
P26 Orange Orange 5450-6650 Very long Hadar 
РЕТ Red-Orange Red-Crange 5820-7200 Medium Color television moniter service 
P28 Yellow-Green Yellow-Green 4650-6350 Long Radar | 
P29 Two-color phosphor screen com- Radar 
posed of a linear array of alternate 
strips of P2 and P25 phosphors | 
P31 Green Green 4150-6000 Medium short Oscillography 
P32 Purple-Blue Yellow-Green 3800-6550 Long Radar 
P33 Orange Orange 5450-6850 Vary long Radar 
P34 Blue-Green Yellow-Green 3800-6800 Very long | Radar and oscillography 
P35 Blue-White Blue-White 4350-6480 Medium short Photographic 





Со 
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GUIDE TO CRYSTAL SELECTION 


Important operating parameters are listed for various crystal cuts. The impedance of a crystal is close to zero at the 
resonant frequency (f) and rises to a peak at the antiresonant frequency (ў). The practical parallel resonant 
operating frequency ranges between f. and f, and may include these two limiting values. The operating frequency 
is expressed as 


The steep slope of the curve and the corresponding large differential between the impedances at f, and h 
indicate that the Q of the crystal is high. Also, the frequency separation between f. and ја is determined by the 
capacitance ratio С/С. For example, the 45° cutis a favorite choice in crystal filters because of its low C /C, ratio. 
Thus a larger filter bandwidth is achieved with fewer crystals. 





The orientation of the better known crystal cuts shows the difference among the types. 
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ACTUAL EQuivALENT 





Equivalent circuit of a crystal includes the capacitances contributed by the wire leads and the holder in C. ratio 
of C and С, indicates the frequency separation between the resonant and antiresonant frequencies of the crystal. 


IMPEDANCE 





The impedance of a crystal is near zero at the series resonant frequency, f and reaches its peak at the antiresonant 
frequency, F,. Steep slope between these two frequencies indicates a high Q. 


FREQ CHANGE (РРЫ} 


-60 -40 б +20 +40 +60 +80 +100 +120 TEMPERATURE (C) 





Temperature characteristics of four popular crystal cuts show the extremely stable behavior of the GT cut. Its 
frequency change is about 1 part per million over a 100°C range. 
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Designation 


| Cuslom- 
| made 


В 
E 


Mode of 


vibration 


Length, 


Lengih, 
width 


Lengih, 


Flexute 


Thickness 


Extensional 


Fxtensional 


Face shear 

















Frequency 
range in 
kHz 


0.800-10 


4150 


80-250 


3250 


80-500 | 





190-250 


600-900 


800-1500 








130-160 










0.1 


Мах. 
drive 
level 



























Used in frequency and oscitialor applications. Zero- 
temperature coefficient occurs at approximately 
room temperature; therefore the crystal is limited 
lo oven operation and to rigid temperature-control 

conditions. 






suited for oven-control applications, espectally in 


its optimum frequency range. 








Preferred in low-frequency oscillators and filters. 
It operates over large temperature ranges, Stability 
of +5 ppm can be obtained over +5°C, if oven- 
controled in lhe lrequency range. Rugged, if 
properly mounted, 
Can obtain frequency stability within «0.002555 over 
the normal room-lemperalure range, without tempera- 
іше control, 










А telalively large frequency deviation over tempera- 
ture range restricls filler applications te controlled 
enviranments. Low temperature coefficient and 
large ratio of stored mechanical energy to electrical 
energy are the characteristic features. 

Used in wideband fillers, below the range of practi- 
cal size E plates, and |n transistor oscillators, 
where LC circuits are not stable enough, or where 
there is a space problem, 

Disadvantages: Fabrication difficulties, The crystal 

must be made in the form af а long, thin bar to fit in 

a special holder, to avoid jumping between modes. 





Thicker crystal possible al higher frequencies. 
Disadvantages: Too thick for low frequency, Also, 


difficult to fabricate and has zera-temperature coef- 
ficient over only a very small temperatuie range, 
Not as active as the AT. 








Used principally in filters where low temperature 
coefficient is sacrificed for freedom from certain 
SPUTIOUS responses, 

Suitable for multi-electrodes. 






Mostly applicable in low-frequency filters, because 
of low C/C, and good lemperature coefficient. 








Suitable for oven and non-oven apolicalions. Its low 
capacity га о permits many useful filter applica- 
tions. Used as calibrator crystal and time base for 
frequency counters, Also used in FM and TV 
transmitters. 

Disadvantage: Does not perform well over 500 kHz. 









Frequency 
Mode of range in 


Designation | «cs 
vibration kHz 













Its low temperature coefficient makes it useful for 
oscillator control and for filters where low C/C 
ratio [s required along with low inductance and 
pood temparature coefficient. However, this crystal 
is seldom used, because more compact units have 
replaced |1, 


Extenstonal 
















| Has the greatest stability yet attained within a cut. 
Does not vary more than 1 part per million over а 
range of 100°С, 

Offers a low temperature coefficient over a wide 
frequency range, by coupling апу desired mode with 
another of nearly equal amplilude at a frequency 
equal lo 0.36 times its nalural frequency. 

Used in frequency standards and when slability 
withoul temperature control or low impedance is 
essential. 

| Disadvantages: Most expensive of all types, because 

of painstaking labor required to obtain exact orien- 

tation їп dimension, 


Extensional 


































Provides a zero temperalure coefficient in the shear 
mode for low frequencies. 

Widely used in low-frequency oscillators and filters 
and dees not require constant temperature contral 
over normal operating conditions. Useful in filters 
because of low Г/С, ratio. Popular in oscillators 
because of its low series resistance, especially 
above 400 kHz. 

Disadvantages: Large face dimensions make il 

difficult lo fabricate for the vary low frequencies. 


Face shear 300-1100 
| 


350-400 











































Custom- | Extensional 350-20,000 Mechanically stable and an economic type of cut. 
| | Disadvantages: Large temperature coefficient, with 
| the lendency 1o jump from one mode to another. 
Custom- Face shear, Electrical characleristics similar ta DT, but it 18 





larger, has better Q and uniformity of characteristics 
above 300 kHz. Its various characteristics make it 
desirable for some filter applicalions. 


made | coupled to 
flexure 

























Most active. Ratio of stored mechanical to electrical 
energy is large. [5 strong mechanically. 

Disadvantages: Large temperature coefficient and 

poor frequency spectrum. 


Thickness, 
shear 



























Excellent temperature and frequency characteristics, 

Its overtones are used in cases where the [requency 
should nat change with ascillator reactance varia- 
tions. 

Designs provide suitable capabilities for satislying 
70-80% of all crystal requirements, Preferred for 
high-frequency oscillater-control wherever wide 
variation of temperature is encountered, Because 
of small size, it can be readily mounted to meet 
stringent vibration specifications, 

Disadvantage: Difficult to fabricate for optimum 

operation wilhout coupling between modes, 


| 550-20,000 
| fundamental 


| Thickness 



















(3rd overtone) 
| 100,000 
(Sth overtone} 
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MILITARY NOMENCLATURE SYSTEM 


The AN nomenclature designation is assigned to: 


1. Complete sets of equipment and major components of military design. 

2. Groups of articles of commercial or military design which are grouped for a military purpose. 
3. Major articies of military design which are not part of, or used with, a set. 

4. Commercial articles where nomenclature facilitates identification and /or procedures. 


As applied to complete sets, the nomenclature consists of the two letters AN followed by а slash and three 
indicator letters which indicate installation, type of equipment, and purpose. The number that may follow the letters 


indicates model number, and a subsequent letter refers to modification. 
FOR EXAMPLE: AN /APN—10B 


airborne-radar-navigational aid 10th model-second rnodification 


As applied to components, the AN nomenclature consists of one or two designator letters substituted for AN. 
FOR EXAMPLE: An indicator model 42 for use with APQ-13 is designated as ID-42 /APQ-13. Modifications 
are indicated by letters, for example, ID-42B /APQ-13 


Component Indicator Letters 


AB-Support, antenna 

AM — Amplifier 

AS - Antenna assembly 

AT —Antenna 

BA Battery, primary type 

BB- Battery, secondary type 

BZ—Signal device, audible 

C-Control article 

CA -Commutator assembly, 
sanar 

CB Capacitor bank 

CG -Cable and transmission 
line, rf. 

CK Crystal kit 

CM -Comparator 

CN - Campensatoar 

СР Computer 

CR -- Crystal 

CU -Coupting device 

CV -Converter {electronic} 

CW Cover 

CX -Cord 

СҮ. Case 

DA .Antenna, dummy 

DT -Detecting head 

DY- Оупатотог 

E -Hoist assembly 

Е -Filter 

FN -Furniture 

FR -Frequency measuring 
device 

G -- Generator 

GO -Goniometer 


GP -- Ground rod 
H - Head, hand, and chest set 
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HC -Crystal holder 

HD -Air conditioning apparatus 

ID- indicating device 

IL —insulatar 

IM - Intensity measuring device 

IP—Indicator, cathode-ray tube 

J- Junction device 

KY -Keying device 

LC-Tool, line construction 

LS— Loudspeaker 

M -Microphone 

MD -Madulator 

ME —Метег, portable 

МК -Maintenance kit or equip 
ment 

ML -Meterological device 

MT Mounting 

MX Miscellaneous 

O Oscillator 

OA -Üperating assembly 

05-Cscillascape, test 

PD -Prime driver 

PF —Fitting, pote 

PG --Pigeon article 

PH -Photographic article 

PP-Power supply | 

PT .Plotting equipment 

PU -Pawer equipment 

R - Radio and radar receiver 

RD Recorder and reproducer 

RE- Relay assembly 

RF - Radio frequency com- 
ponent 


RG --Cable and transmission 
line, bulk r.f. 


RL -Reel assembly 
HP-Hope and twine 

RR -Reflector 

RT -- Receiver and transmitter 
S -Shelter 

SA —Switching device 

SB - Switchboard 

об - Generator, signal 

SM- Simulator 
SM-—5ynchronizer 

ST -- Strap 

T - Radio and radar transmitter 
ТА – Telephone apparatus 
TD - Timing device 

TF- Transformer 

TG -Positioning device 

ТН - Telegraph apparatus 
TK-Tool kit or equipment 
TL -Tool 

TM --Tuning unit 

TS- Test equipment 

TT - Teletypewriter and fac- 


simile apparatus 
TV - Tester, tube 


U Connecter, audio and power 
ЧС Connector, г. Ё. 

V - Vehicle 

YS ‘Signaling equipment, visual 
WD --Cable, two-conductor 

WF -Cabie, two-conductor 

WM - Cable, multiple-conductor 
WS —Cable, single-conductor 
WT Cable, three-conductor 


ZM--Impedance measuring 
device 


Е рг 
тий fnetalatroa 
Cape: 


Airborne {installed and oper. 


ated in aircraft], 


Underwater mobile, sub- 
marine, 

Air transportable tinacti- 
vated, do not usel. 
Pilothess Carrier. 


Fixed. 
Ground, general ground use 


(include two ûr more gound- 


түре installations}. 


Amphibious. 


Ground, mobile {installed as 
operaling unit in a vehicle 
which has no function athar 
than transporting the equip 
meni. 


Pack or portable (animal or 
man |. 


Water uirface craft. 


Ground, transportable. 
General игү (includes two 
ог more general installation 
classes, airborne, shipboard, 
and ground). 

Ground, vehicular jinsiafled 
іп vehicle designed for func- 
tions ather than carrying 
electronig equipment, tE, 
such as tanks]. 

Walter surface and under: 
water, 


en 


Ww 


Set or Equipment Indicator Letters 


Zu letim 
Type of Боа 


ту не light, heat radiation. 


Pigeon. 
Carriar, 
Radiac. 


мурас. 
Photographic, 
Telegraph се teletype. 


Interphone and public 
address. 

Electramechanical ог inertial 
wire covered. 

Telemetering. 
Countermeasures, 


Meteorological, 


Sound tn air. 


Radar. 


Sonar and underwater sound, 


Radio. 

Special types, magnetic, etc., 
or combinations of types. 
Telephone wire}. 


Vigual and visible light. 


Armament (peculiar to arma- 


ment, nat otherwise covered}. 


Facsimile or television, 
Data processing. 


p OR 


t^ 0 


За tet ter 
Purpose 


Auxiliary assemblies (not 
complete operaling sets 
used with, ar part at, two 
Or more sets or $815 series), 
Bombing. 


Communications {receiving 
and transmittingl. 
Direction finder, réconnais- 
sance, and/or surveillance. 
Ejaction and/or release, 


Fire-caontrol ог searchlight 
directing. 


Recording ап Рог reproduc- 
ing [graphic meteorological 
and sound]. 


Computing. 

Searenlight control пасти. 
vated, use GI. 

Malntenanrce and lest assem- 
bties (пеш 10015}. 


Naviga tional alds (including 
altimeters, beacons, сот» 
passes, racons, depth sound: 
ing, approach and landing), 
Reproducing (inactivated, da 
nok wee). 

Special, ar cambinanian of 
purposes. 

Recaving, passive detecting, 
Detecting and/or range and 
bearing, starch, 
Transmitting, 


W Automatic Might or remote 


X 


control, 
identilleation and recognition 


Modal 


ік 4а M = 


etc. 


Mech fr 
га НОП 
terrer 


Мати 
identifica 


Changes in voltage, phase, 
пг frequency, 


ых 


Training. 
[¥] Уәгініме grouping, 
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MAGNETIC FIELD STRENGTH NOMOGRAM — 


This nomogram solves for the magnetic field strength, surrounding a power line, as a function of currentin the line 
and the distance from it. Electronic equipment is susceptible to magnetic field interference, and this nomogram 
helps in determining the magnitude of the problem. For convenience the distance scale is calibrated in inches and 
centimeters. 

FOR EXAMPLE: The magnetic field strength at a point 5 cm from a line that carries 100 A is 4.2 gauss. 


Derivation of the Field-Strength Equation 
The field at point P resulting from the current in segment df is given by 


f 
dE = и, =, cos adi 


lf а! is small, then 


dicosa -ғаа 
г = Hícosa 


and 


i 
08 =p E cosada 


If the line is very long with respect to A, 


ж!а i ad T 2! 
B= |". pies Se iui 


If B is in gauss, fin amperes, and Я in centimeters, #, is equal to 0.1. 
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HIGH ALTITUDE CHART 
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ATMOSPHERE CHART 
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PPM/°C VS % CHANGE CONVERSION CHART 
This свай is used to determine the % change over a ce Пат temperature range when the ppm РС characteristic is 


known or to determine the desired ppm /^C for a maximum change over a given temperature range. 


FOR EXAMPLE: 1. What will be the change in capacitance of a capacitor with a TC of 750 ppm when used 
over a 60° temperature range? Answer: 4.5% 
2. What is the required stability in ppm С of an oscillator that should not change in frequency by more than 
1% when used between 10 to 90°C (i.e., temp. change = 80°C)? Answer: 125 ppm /°C 
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ATMOSPHERIC LAYERS 


Troposphere, Stratosphere and fonosphere 
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WIND DESIGNATIONS 


Designation Wind Speed (mph; Designation Wind Speed (mph) 
Calm Less than 1 Moderate gale Зе to 38 

Light air ito 3 Fresh gale 39 to 46 

Light breeze 4to 7 Strong gale 47 to 54 

Gentle breeze 8 to 12 Whole gale 55 to 63 
Moderate breeze 13 to 18 storm 64 to 72 

Fresh breeze 19 to 24 Hurricana Above 72 
strong breeze 25 to 31 
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LIGHTNING AND THUNDERSTORM ACTIVITY FOR VARIOUS SECTIONS OF THE U.S. _ 


Based on U.S. Weather Bureau data, this map shows the number of lightning storms occurring over a 20-year 
period. 


E200 1800 
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WINDCHILL CHART 
This chart shows the “windchill” and state of comfort under varying conditions of temperature and wind velocity. 
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WIND MAP OF THE U.S. 


This map shows the annual wind extremes in miles /hour, 30 feet above ground, 50 year mean recurrence 
interval. 





- Internaliangal Falls f= 
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№ 


* 
Lexington 


GULF OF MÉXICO 


Wind map—annual extreme in miles per hour, 30 feet 
above ground, 50 year mean recurrence interval. From 
Thom "New Distribution of Winds in the United States", 
ASCE Proceedings, 1968. 


Steady Wind - miles/hour Gusting Wind - equivalent miles/hour 
(as shown an map) (using standerd 1.3 gust factor) 
60 7B 
70 91 
80 104 
85 : 110 
90 117 
100 130 
110 143 
120 156 





(Reprinted fom "SBC Souare Beam Cutoff,” Kim Lighting publication AS, раде A5-10, courtesy Kim Lighting. 
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THE TRIBOELECTRIC (QR ELECTROSTATIC) SERIES 


The table below is so arranged that any material becomes positively charged (that is, it gives up electrons) when 
rubbed with any material lower on the list. The farther apart the materials are on tne list, the higher the charge will 
be, Surface conditions and variations in characteristics of some materials may alter some positions slightly. 





Positive polarity (+) 


Asbestos 
Rabbit's fur 
Glass 

Mica 

Nylon 

Wool 

Cat's fur 
Silk 

Paper 
Cotton 
Wood 
Lucite 
Sealing wax 
Amber 
Polystyrene 
Polyethylene 
Rubber balloon 
Sulphur 
Celluloid 
Hard rubber 
Vinylite 
Saran wrap 


Negative polarity (—) 





FOR EXAMPLE: A rubber balloon rubbed with nylon will produce a negative charge on the balloon and 
leave the nylon positively charged. 
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CORRDSION 


Galvanic corrosion occurs when two dissimilar metals are in contact, in a liquid capable of carrying an electric 
current. Under these conditions the least noble metal (the anode) corrodes, while the more ncble metal (the 
cathode) is not attacked. 

In general, galvanic corrosion may be avoided by uniformity in the types of metals used. H uniformity is not 
practical, then metals should be used that are as close as possible to each other in the galvanic table, which lists 
metals in order of increasing nobility. 

Stainless steel is "active" when chemicals present do not allow the formation of an oxide film on the surface of 
the metal. The treatment of stainless steel in a passivating solution accelerates the formation of the oxide film, thus 
making it “passive” and thereby increasing its resistance to galvanic corrosion. 





Table 1. Listings of base-to-noble metal sequence, activity series, and galvanic series. Base metals at the lop of the 
list function as the anode when used with metals lower in the series (more noble), and are subject to corrosion, The 
activity series, with hydrogen gas as the arbitrary reference, indicate the relative inertness of reactivity of metals. 
Fhe reactive elements are above hydrogen while the inert elements аға below, The galvanic series, the most used 
series in considering the electronics of corrosion, indicate voltage readings recorded between the indicated metal 
and a silver/silver-chloride reference electrode while immersed in a relatively unpolluted sea-water electrolyte. 


BASE-NOBLE METAL SEQUENCE 


BASE | Magnesium Material | Voltage 


¥ | ¥ | 
| ; Magnesium 1.5 
Magnesium Aluminum be с> |1 xg е 

Zinc 3 Zinc 1.08 

ч inc L-— n ee Е ЧЕ 

Aluminum Chromi Aluminum 0.75* 
Cadmium ro mim ا‎ ———————ŮĖ 
Steel or Iron Iron 
Chromium-iron (active) Cadmium 
Lead-tin solders Nickel Bronze 0.4 

PES, ЖЕН Tin Yellow brass 0.36 
Nicke! (active) uu 

Brasses Lead o Copper ________ 0.36 

Copper Hydrogen Red brass S 0.33 

Bronzes Copper Admiralty brass D.29 
Copper-nickel alloys Silver SSS ee 
Nickel-copper alloys 

Silver solder 
Nickel (passive] 


Chramium-iron (passive} ¥ 
Silver Gold 


Graphite "Renresenktas an “averse reading laken of varying alloys of 
Gold | елем or the respective metals 


Platinum 


Cast iron & carbon steel " 0.61 
Stainless steel | 2.55" 


Copper-nickel 0.27" 
Palladium Nickel | 02 


ream Mone] | | 0.075 


NOBLE 





THERMOPLASTICS FOR ELECTRICAL APPLICATIONS 


E Frapresentarive Tradenamss 
Materia! and Majar Application Considerations Common Available Forms | mtd Suppliers 





Acatals | 
Good elactrical properties at most frequencies, which | Extrusions, injection mold- | Delrin (DuPonth: Сајсоп (Celanese 
are litle changed in humid environments tà 125? C. | ings, stock shapes. Carp.) 


Outstanding mechanical strength, лез, tough- | 
ness, and dimensional stability. 


Acrylics 
Excellent resistance to arcing and вінгігісві tracking. | Castings, axtrusions, Injec- Lucite (ОиРопт; Plexiglas (Rohm 
Excellent clarity and resistance to outdoor weather- | tion moldings, therma- and Haas Со.) 
ing. formed parts, stock shapes, 


film, Fiber, 


Callulosics 
Good electrical properties and toughness. Used | Blow maldings, extrusions, , Tenite (Eastman Chemical Со.}; 
more for general-purpose applications than for uiti | injection moldings, thermo- | Ethocel-EC (Dow Chamical Ca); 
mate in any electrical requirement. Several types | formed parts, Пт, fiber, Fortical-C.4P (Celanese Corp.) 
available. stock shapes. 


Chlorinated Polyethers 
Good electrically, Бит most outstanding properties 
ara corrosión résistance and physical and thermal 
stability, 


Extrusions, injection moid- | Penton (Hercules Powder Cà.) 
ings, stock shapes, film. 


Fluaracarbons 

TFE: Electrically one of the most outstanding ther- 
moplastic materialis, Very low electrical losses: 
very high electrical resistivity, Useful from -30CP to 
over BÜD F. Excellent high frequency dielectric. 
Has excellent combination of mechanical and eleg- 
trical properties bul is relatively weak іп epid- flow 
propaertwus, Nearby inert chemically, 85 are most 
flucracerbons. Very low coefficient of friction, 
Noanflammabis. 





Compression moldings, Tatlon ТЕЕ {DuPont}: Halan ТРЕ 
| stock shapes, film. | {Alief Chemical Gorp.) 


Extrusians, injection Teflon FEF (DuPont) 

moldings, laminates, film. 

Extrusions, isostatic mold- Kel-F (3h Co. Paskon CTFE 
ings, infection moldings, Alied Chemical Gerp.) 

tilim, stock shapes, 


ГЕР: Similar 12 ТЕЕ, except useful temperature 
limited то about 40092. Easier to mold than ТЕЕ, 


CTFE: Excellent electrical properties and relatively 
good mechanical properties. Stiffer than ТЕЕ and 
FEF, Быт does have some cold flaw. Usefud та about 
400° Р 

PYF: One of the easiest of the fluorocerbons to pro- 
cess. Stier and more resistant to cold Now than 
ТЕЕ. Good electrically. Useful to sbour JOO°F, 
Major electrical application 19 wire jacketing, 


Extrusions, injection mold: | Kynar (Pennzalt Chemicals Согр. | 
ings, laminates, Tiir. 


hy lans 


Convantinnal: Good general-purpose electrical prop- | Extrusions, injection mold- | Zytel tOuPont); Plaskon {Allied 


erties Еау processed Good mechanical strength | ings, lamimares, rotational | Chemical Сол; Bakelite (Union 
and abrasion resistance and low coefficient of fric- | moldings, stock «Барат, Carbide Corp. 

пол Commonly used types of nylon arg nylon | Film, fiber. 

6. nylon Б/Б and nylon 6/10. Some hove limited 

use in electrical applications because of moistura- 

absorption properties, Nylon 6/70 is best hare. 

High-Temparetura: Has excellent combination of | Fiber, sheet, tape, paper, Nomex {DuPont} 

thermal endurance (to 200" C] and electrical propèr- | fabric, 


nés Exhibits relatively low dielectric constant, high 
YOlume гени, aod good dielectric strength, Has 
high tensile strength and wear resistance. 


Palysulfants 
Good combination of thermal endurance {to over 
JF] and chelectric properties.  Halatively low 
dislectric constant and dissipation factor, and high 
voluma resistivity, Electrical properties ars main- 
tained at 90% of initial values after ona yaar at 
ЗОРЕ. Good dimensional stability and high creep 
resistance. Flame resistant, and good chemical 
ГЕТЕ Ре, 


Extrusions, injactian mold- | Palysulfone (Union Carbide Carp.] 
ings, thermaformed parts, 
stock зара, film, sheet, 
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Mararia! and Major Application Considerations | Common Available Forms 1 


Paryienes 


Excellent low-loss dielectric properties and good 
dimensional stahllity. Low permeability to gases nnd 
moisture. Produced as a film an a substrate, froma 
vapor phase, Used primarily as thin films in copaci- 
tors and dielectric coatings. 


Polycarbonate. 


Relatively low electrical losses and high volume rë- 
sistivity, Loss properties are stable to about 150°C, 
Excellent dimensional stability, low water absorption, 
low creep, and outstanding impact resistance. 


Polyesters 


Outstanding dlelectric strength and tear strength. 
Widely used for machine-applied tape insulation, 
Has high volume rasistivity and low moisture absorp- 
tion. 


Polyathylanss, Polypropylenes, Palyallomers 


Excellent electrical properties, especially low elec: 


trical losses. Tough and chemically resistant, but 
weak 10 varying degress in creep and thermal resis- | 


tance. Thermal stability generally increases with 
density classes of polyethylene. Polyprapylenes are 
genarally similar to polyethylenes, but offer about 
50°F higher heat resistance. Palyallomers ara alec- 
trically similar to polyethylene and polypropylone 
but have better stress-crack resistance and surface 
hardness.  Crosslinked polyethylenas provide im- 
proved thermal andurance, 


Polyimides and Polyamide-imices 


Among the highest-tamperature thermoplastics avail 
able, having useful operating temperatures ta about 
ТОРЕ or higher. Excellent electrical properties, 
good rigidity, and excellent thermal stability, 


Palyphenyisna Oxides {PPO} 


Excellent electrical properties, especially [055 prop- 
artias to above 350 F, and over 3 wida frequency 
range. Good mechanical strength and toughness, 
А lower-cost grade, Moryl, has similar properties 
то РРО, but with a 75" to 100"F. reduction іп heat 
resistance, 


Polystyrares 


Generel-Purposa: Excellent electrical praperties, es- 
pecially loss properties. Conventional polystyrene 
is temperature-limited, but high-temperature modifi- 
cations such as Rexolite or Polypence crosslinked 


polystyrene ara widely used, especially for high- 


frequency applications. 

ABS: Good general electrical properties bul not ошї. 
standing for any specific electric application, Ex- 
tremely tough, with high impact resistance. Can be 
formulated aver а wide range of hardness and tough- 


ness properties, Special grades available for plated 
surfaces, 


Vinyls 


Good low-cost, gensral-purpose thermoplastic mata- 
rials, but electrical properties are not outstanding. 
Properties are шезіу influenced Бү plasticizers. 
Many variations available, including Пех: and 
rigid types. — Flexible vinyls, especially РУС, are 
widely used for wira insulation. 


Fitm coatings. 


Extrusions, injection mold- 
ings, thermaformed parts, 
stück shapes, film. 


Films and rapes. 


Blow moldings, extrusions, 
injection molding, thermo: 
formed parts, stock shapes, 
гл, fiber, foam. 


Films, coatings, molded 
and mechined parts, resin 
solutions. 


Extrusions, injection mald- 
ings, thermoformed parts, 
stock shapes, Film. 


Blow moldings, extrusions, 
injection moldings, гата- 
tional moldings, thermn- 
farmed parts, foam. 


Extrusians, injection mold- 
Ings, thermofarmed parts, 
laminates, stock shapes, 
foam, 


Blow moldings, extrusions, 
injection moldings, rata- 
tional moldings, film, 
sheet, 


Representative Tradenamas 
_ end Suppliers | 


Farylone (Union Carbide Corp.) 


Lexan (G. E. Co): Merlon (Mobay 
Chemical Со.) 


Mylar [DuPont]; Scotchpar (3M 
Со. Calanar (Celanese Согр, і 


Alathon Polyeihylene (DuPont; 
Pewothene Polyethylene {USI 
Chemical Co.]; Grex Н. D. Poly- 
ethylene {Allied Chemical Corp.); 
Hi-Fax H. D. Polyethylene, Pro: 
Fax Polypropylene (Hercules Pow 
der Со); Tenite Polyethylene, 
Polvpropylang, and Polyallomer 
(Eastman Chemical Со.) 


Vewpel parts and shapes, Kapton 
film, and PyreM L. resin (Du 
Pont]; Al [Amocohl Skybond 
iMansanto Co.) 


РРО and Могу іб. E. Са.) 


Styron [Dow Chemical Coj; Lust 
тех {Monsanto Сол; Rexolite 
LArnierican Enka Corp.) ; Polypenco 
Q-200.5 (Polymer Corp.) 


Marbon Cycolac (Borg-Warner 
Corp.]; Lustran (Monsanto Со, 
Aoson {Goodrich Chemical Со.) 


Diamond PVC [Diamond Alkali 
Со.}: Pliavic [Goodyear Chemicat 
Co t: Saran (Dow Chemical Соз.) 


THERMOSETTING PLASTICS FOR ELECTRICAL APPLICATIONS 


Material and Major Application Considerations Ё . Саттоп Available Forms 


Alkyds 
Excellant dielectric strength, arc resistance, and dry 
insulation resistence, Low dialecrric canstant and 
dissipation faclor, боса dimensional stability. 
Easily molded. | 





Compression and transfer 
molding. 





Aminos (Мататипе and Ursa) | 
Good general electrical properties, Dur пот Dut- 
standing #xcept for gtass-filled melamines whose 
hardness and arc resistance make them useful for 
molded connectors. 


Compression and transfer 
moldings, Extrusions, 
laminates. 


Gisihy! Phthalates (Аус) 
Unsurpassed among th&rmaosets іп retention of elec- 
trical properties іп high-humidity environments. 
Also, they have among the highest volume and sur- | 
face resistivities in tharmosats. Low dissipation 
factor and heat resistance to 400°F or higher, Ex- 
cellent dimensional stability, Easily molded, 


Compression, mjectian, 
and transfer moldings; 
extrusions; laminates. 


Epoxiss 
Good electrical properties, lave shrinkage, excellent 
dimensional stebllity, and good to «excellent ad- 
ћезјап. Easy te compound, using nonpressure pra- 
cesses, for a variety of and propertios, Useful aver a 
wide ranga of environments, 


Castings; compression, 
injection, and transfer 
moldings; extrusions; 
laminates: matched-die 
moldings: filament 
windings; foam. 





Phenolics 
Good general glacirical prapertias, laading ta wide 
use for general-purposa molded parts, Not out- | 
standing in any specific electric property, but some 
formulations hava axcallant thermal stability above 


SF. 


Castings; compression, 
injection, and transter 
moldings; ax trusians; 
laminates: matcheddie 
moldings; stock shapes; 
foam. 


Polyesters 
Very love dissipation factor. Low-cast and extremely 
вазу 10 compound using nànpressure processes. Like 
epoxies, they can be formuisted for either roam 
temperaturas Or шет remperapure use. Not 
вашмајог! to епоху in environmental resistance, 


Compressian, injection, 
and transfer moldings; 
extrusions; laminates; 
matehed-dig moldings; 
fHament windings; stock 
shapes. 


Silicones (rigid) 
Excellent Electrical properties, especially low di- 
Шегініс constant and dissipation factor, which change 
little to 400 F, 


Castings, compression and 
wansíer moldings, 
laminates, 


SIGNIFICANCE OF PROPERTIES OF ELECTRICAL INSULATING MATERIALS 





Property and Definition 
Dielectric Strangth 
All insulating matarials fail at some level of applied voltage for a given set of 
operating conditions, Tha dielactric strength is the voltage an insulating 


material can withstand before dielectric breakdown occurs. Dielectric 


strangth is normally expressed in voltage gradient terms, such as volts per | 


mil, In testing for dielectric strength, two methods of applying the voltage 


(gradual or by steps) are used. Type af voltage, temperature, and any pre- | 


conditioning of the test part must be noted. Also, thickness of the piece 
being tested must be recorded beacause the voltage per mil at which bresk- 
down occurs varies with thickness of test piece. Normally, breakdown occurs 
at a much higher volt-par-mil value in very thin test pieces (а few mils thick] 
than In thicker sactians (Yain. thick, for example). 








Hepresentative Tradenameas 
and Suppliers _ 


Piaskon {Allied Chemical Сега); 
Giaskyd (Amorican Cyanamid Co.) 


Plaskon [Allied Chemical Corp.); 
Resimene (Monsanto Co.); Суга! 
melamine, Beetle ures (American 
Cyanamid Co.) 


Dapon [ЕМС Согр.); Diall (Allied 
Chemicel Corp.) 


Epon (Shell Chemical Са.); Ері: 
Rez (Jones-Dsabnay Сол: БЕЈ, 
(Dow Chamica| Со); Araldite 
(Ciba Products Co.); ERL {Union 
Carbide Corp}; Scotchcast (3M 
Co] 


| Bakelite (Union Carblda Сагр.); 


Durez (Hooker Chemical Corp.) 


Selactron (Pittsburgh Plate би 
Со.}; Laminac (Amarican Cyana- 
mid Co.); Рагарјех [Rohm & Haas 


| Ca.l 


DC Resins (Dow Corning Corp.) 





Sionificancs of Valuas 








The higher the valua, the better the in- 
sulator. Dielectric strength of a material 
(per mil of thickness} usually increases 
considerably with decrease in insulation 
thickness. Materials suppliers can pro- 
vides curves of dielectric strength vs thick 
ness for their insulating materials. 
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Powar Factor and Dissipation Factor 


Arc Resistance 


Resistance and Resistivity 


Resistance of an insulating material, like that of a conductor, is the resis- 
tance offered by the conducting path to passage of electrical current. 
Resistance is expressed in ohms. Insulating materials are vary poor conduc: 
tors, offering high resistance. For insulating materials, the term volume 
resistivity is more commonly applied. Volume rasistivity is the electrical 
resistance between opposite faces of a unit cube for a givan material and at a 
given temperature, The relationship between resistance and resistivity is ex- 
pressed by the equation p = НАЈ where p = volume resistivity in ohrn-cm, 
Я = resistance in ohms between faces; A = area of the faces, and / = distance 
between faces of the piece on which measurement is made, This is not re- 
sistance per unit volume, which would be ohm/cm?—although this term is 
sometimes erroneously used. Other terms are sometimes used to describe a 
specific application or condition. One such term is surface resistivity, which 
is the resistance between two opposite edges of a surface film 1 em square, 


Since the length and width of the path are the same, the centimeter terms | 


cancel, Thus, units of surface resistivity ara actually ohms. However, to 
avoid confusion with usual resistance values, surface resistivity is normally 
given іп ohms/sq. Another broadly used term is msulation resistance, which, 
again, is a measurement of ohmic resistance for a given condition, rather 
than a standardized resistivity test. For bath surface resistivity and insula- 
tion resistance, standardized comparative tests are normally used, Such 
tests can provide data such as effects of humidity on a given insulating 
material configuration, 


Dielectric Constant 


The dielectric constant of an insulating material is the ratio of the capa- 
citance of а capacitor containing that particular material to the capacitance 
of the same electrode system with air replacing the insulation as the dialectric 
medium. The dielectric constant is also sometimes defined as the property 
of an insulation which determines the electrostatic energy stored within the 
solid material. The dielectric constant of most commercial insulating 
materials varies from about 2 to 10, air having the value 1. 


Power factor 15 the ratio af the power dissipated (watts! in an insulating 
material to the product of the effective voltage and current (volt-ampere 
input) and is a measure of the relative dielectric loss in the insulation when 
the system acts as a capacitor. Power factor is nondimensional and is a 
commonly used measure of insulation quality. it is of particular interest at 
high levels af frequency and power in such applications as microwave equip- 
ment, transformers, and other inductive devices. 


Dissipation factor is the tangent of the dielectric loss angle. Hance, the 
term tan delta (tangent of the angle) is also sometimes used. For the law 
values ordinarily encountered in insulation, dissipation factor is practically 


the equivalent of power factor, and the terms are used interchangeably. 


Arc resistance is a measure of an electrical breakdown condition along ап in- 
sulating surface, caused by the formation of a conductive path on the sur- 
face, |t is a common ASTM measurement, especially used with plastic 
materials because of the variations among plastics in the extent to which a 
surface breakdown occurs. Arc resistance is measured as the time, in 
seconds, required for breakdown along the surface of the material being 
measured, Surface breakdown (arcing or electrical tracking along the sur- 
face! is also affected by surface cleanliness and dryness. 


The higher the value, the better for a 
good insulating material. The resistance 
value for a given material depends upon 
a number of factors, It varies inversely 
with temperatura, end is affected by 
humidity, moisture content of the test 
рагі, ievel of the applied voltage, and 
time during which tha voltage is applied. 
When tests ага made on a piace that has 
been subjected to moist or humid con- 
ditions, it ts important that measurements 
be made at controlled time intervals 
during or after the test condition has 
been applied, since dry-out and resistance 
increase occur rapidly. Comparing or 
interpreting data is difficult unless the 
test period is controlled and defined. 





Low values are best for high-frequency 
or power applications, to minimize eleg- 


trical power losses, Higher values ате 
best for capacitance applications. For 
most insulating materials, dielectric con- 
stant increases with temperatura, #s- 
pecially above a critical temperature 
region which is unique for aach material. 
Dielectric constant values are also affec- 
ted (usually to a lesser degree) by fra- 
quency. This variation is also unique for 
each material, 


Low values are fevorable, indicating a 
more efficient system, with lower power 
losses, 


Tha higher the value, the better. Higher 
values indicate greater resistance to break. 
down along the surface due to arcing or 
tracking conditions, 


TEMPERATURE CONVERSION TABLES AND FORMULAS 





-234 
-279 
=223 
2218 
“212 
-107 
-201 
“196 
190 
= 184 


- 73 
-173 
- 169 
- 168 
-162 
-157 
=151 
-146 
-140 
7134 
-128 


-123 
-118 
-1132 


-150 
-180 
-170 
-107 -150 
-101 -150 
- 286-140 
- 900-130 
- 244-120 
~ 789 - 10 
- 733-400 
- 72,6 - 99 
- 722- әй 
- 717- 97 
= 71.1- 96 
- 706- 95 
– 700- 94 
- 69.5- 93 
- Е88- 92 
- 68.4- 9i 
- 78- 90 


= 67.2— 89 
= 665.6 - BB 
= 66.1- 87 
= 555- 66 
¬ 65.0- 65 
= Б44- B4 
= 635- ЕЗ 
- 633- B2 
= 228- Bl 
- 62.2- 80 


~ B1.7- 78 
= &61.1- 78 
= 60.6- 77 
- в00- 7B 
= 88 5- 75 
= MY- 74 
= 5H.4- 73 
- 578- 72 
= 5873- 71 
" 6.7- 70 





To convert from Fahrenheit to Celsius*—locate 
To convert from Celsius” to Fahrenheit—locate 


“20 =68 Ta В 
Е c Е 
“66.1 -69-52,2 
-55.5 -68-90.4 
-55.0 “G7 "88.6 
-54.4-65-86.8 
-53,8 -65-H5.9 
753.3764 -H3.2 
-52.8 -63-814 
-52.2 -62 -79.5 
-51,7 -61-778 
-51,1 -60-76,0 
-50.6 -54-742 
| -50.0 -58-724 
-48.5 -$7 - 70.5 
-48,8 -55 -68.9 
-48.4 -55-67.0 
-47 8 -54-65.2 
-47,3 -51-634 
-46.7 -52—61.6 
-468.2 -51-54,4 
45,6 -50-58.0 
-45.0-42 -56.7 
-444-48 54,4 
-484,4| -4319-47 526 
-454 |-42.1-45 508 
-435 |-42.8-45-—48.0 
—41B -422-44-47.2 
—400 |-41.7-43-454 
-382 |-41.1-42-42.6 
^ 364 -40.8-41-41.8 
= 348 -40.0 -40 -40.0 
-326 
-310 |^738.4-38 38,2 
-292 |-28.8-38-35.4 
-274 [-128.3-37-34.6 
-756 |-37.8-36—-328 
-238 |-3%2-35-31.0 
-220 |-36.8-34-28.2 
-202 |-36.131-33-27.4 
-1B4 |-35.5-32-25.8 
“166 |735.0731 723.8 
-149 |7244-30-22.0 
-146,2 | 733.9 +29 -20.2 
—144.4 |-33.3-28-184 
-142.6 |732.B -27 -16.6 
—440.6 |- 32,2 -26 -14.E 
-135»0!-31,7 -25 713.0 
-137.3 (731,1 -24 -11.2 
-1435.4 |- 39.6 -23- 8.4 
-133.6 |- 200 -22 - 7.6 
-434.8 |- 29.5 -21" 5,8 
-130.0|-28.8 -20 — 40 
-128.7 |-28.2-18- 2.2 
-126.4|-27.; -1E " 0.4 
7124.6 |-27,2 717 1.4 
-122,8|-28.5-16 32 
-121:01-26 1-15 5.0 
-119,2]-25.5-14 GE 
=117,4 |-25,0-13 ЕБ 
-116.6 |-24.а-12 104 
-tixB|-238-1 122 
-112.0|-23.3- 10 140 
-1102j-228- 9 15.8 
-10H,4|-222—- B 176 
-106.6 |-21,7 — 7 184 
-iO4.B]-21.1- В 21.2 
-1030|-206- 5 230 
-101.2|-200- а 24.6 
= 824|-18,5- 3 26.6 
- 97.6 |-186- 2 28.4 
= 958 |7-18,4- 1 30.2 
= 94.0]-178 D 47.0 


temperature (^F) in 
temperature [^C] in 


18.4 
20.0 
20,6 


шш لد‎ D on & ft — 


50.0 | 


626 


45,2 


68.0 | 
69.4 | 


71.6 
734 
75.2 


71,0. 
76.8 | 


68.2 





21,1 
21.7 
22.2 
22.8 
23.3 
239 
24.4 
25.0 


25.7 


41,1 
41,7 
42,2 
42,8 


43.3 
43,9 
44,4 
45.0 
45.5 
46,1 
48,7 
47,2 
47.8 
48,3 


489 
49.4 
50.0 
51.6 
51,34 
51,7 
ee > 
52.8 
53,3 
59,8 


51,4 
55.0 
55.6 
56.1 
56.7 
57,2 
57,8 
58.3 
5Н.9 
58.4 


center column and read "C in left column. 
center column and read °F in right column. 


158.0 
158.8 
161,6 
163.4 
155.7 


167.0 | 


168.8 
170.6 
172.4 
174,2 


176.0 | 


177,8 
179.6 


181.4 | 


183.2 
185.0 
186.8 
188.6 


190.4 | 


192.2 


124.0 
195.0 
197.0 
199,4 
201.2 
203.0 
204.8 
206.6 
206.4 
210.2 


212.0 
213.8 
215.5 
2174 
2192 
221.0 
2228 
224.6 
226.4 
22H.2 


230.0 
231.8 
233.6 
239.4 
237.2 
#380 
240.8 
242.5 
244,4 
245.2 


24B.0 
249.8 
2516 
253.4 
255.2 


267.0 | 


258.8 
260.6 
262.4 
264.2 


266.0 
267.8 
2659.6 
271.4 
2132 


2750 | 


276.8 
278.6 
280.4 
282.2 





70. 


71.1 
11.7 
12.2 
72.8 
74.3 


73,8 1 


744 
75.0 
75.6 
76.1 


75,1 
737,2 
77. 
78.3 
78.9 
79.4 
ERN 
зоб 
21.1 
81.7 


82.2 


140 
141 
142 
143 
144 
145 
146 
147 


170 
171 
із; 
173 
174 
175 
176 
177 
178 
178 


180 
181 
182 
183 


185 
185 
187 
188 
158 


190 
181 
1892 
193 
184 
195 
156 
187 


199 


200 
210 
212 
Zu 
230 
240 


260 
270 
280 
250 


290 | 300 To тұт 


Ё 


284.0 
288.8 | 
287.6 
288.4 
291.2 | 
293.0 
294.8 
296.6 
299.4 


300.4 


302.0 
203.8 
405.6 
207.4 
Rs: e 
1110 
212.2 
314.6 
316.4 
318.2 


320.0 
371,0 
323.0 
425.4 
2327.2 
328.0 
3230.8 
132.6 
134.4 
915.2 


338,0 
339.8 
241,6 
143.4 
3452 
347,0 
148,8 
250,6 
352.4 
354.2 


156.0 
357,8 
359.6 
351.4 
352,2 
%5.П 
265.8 
368.6 
370.4 
372.2 


374.0 
375.8 
3778 
378.4 
381,2 
303.0 
Jg4.8 
386.6 
JBB. 4 
390.2 


192 
410 
413 
ATH 
44 
464 
482 
a0 
518 
536 
Bhd 


С 


145 
154 
160 
165 
171 
177 
182 
188 
193 
199 


ян 
210 
216 
221 
227 
232 
238 
243 
249 
254 


260 
25 
211 
211 
га 
288 
783 
258 
3084 
ат) 


316 
321 
A27 
332 
ЗЗА 
343 
дач 
354 
360 


ЫБ 


271 
377 
382 


293 
390 


| 404 


410 
418 
421 


427 
432 
аза 
443 
449 
454 


465 
471 
47) 


492 
49А 
493 
AU 


510 
516 
521 
527 
532 


300 
310 
320 
330 
ча 
350: 
350 
370 
380 
380 


400 
410 


740 


770 
7BD 
790 


BOO 
810 
82) 
ga 
840 
aot 
860 
870 
880 
aan 


guo 
810 
920 
930 
Sar 
950 
S60 
970 
98$ 
990 


Е 


572 
590 
503 
626 
644 
652 
580 
628 
716 
734 


152 
TO 
THA 
806 
824 
842 
B60 
878 
895 
914 
932 
950 
#58 


оба 
1027 
ар 
ШЕН 
1096 
Tog 


1112 
1120 
1148 
1165 
1184 
1202 
1220 
1238 
1256 
1274 


1292 
1310 
1328 
1345 
1354 
1382 
1409 
1418 
1435 
1454 


1472 
1430 
1508 
1928 
1544 
1552 
1580 
1598 
1816 
1634 


1552 
1670 
1635 
1706 
1724 
1742 
1760 
1778 
1796 
1814 
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1000 to 1490 1500 to 1990 2000102490 _ 2500 го 3000 
с Fic Fle Е É F 


538 1000 1932 816 1500 2732 | 1093 2000 3632 | 1371 2500 4532 
543 1010 1850| 8213 1510 2750 | 1099 2010 3850 | 1377 2510 4550 
543 1020 186B | 827 1520 2768 | 1104 2020-3668 | 1282 2520 4568 
554 1030 1886 832 1530 2785 | 1110 2030 3666 | 1388 2530 4586 
550 1040 1904 838 1540 2804 | 1116 2040 3704 | 1393 2540 4504 
566 1050 1922 | даз 1550 2822 | 1121 2050 3722 | 1399 2550 4622 
571 1060 1940 | 849 1560 2840 | 1127 2060 3740 | 1404 2560 4640 
577 1070 1958 B54 1570 2858 | 1132 2070 2758 | 1410 2570 4658 
582 1080 1976 | 860 1580 2876 | 1138 2080 3776 | 1416 2580 4876 
988 1090 1904 | 865 1590 2894 | 1143 2090 3794 | 1421 2500 4694 
БӘЗ 1100 2012 871 1600 2912 | 1149 2100 3812 | 1427 2600 4712 
1170 2030 | 877 1610 2930 | 1154 2110 3830 | 1432 2810 4730 

604 1120 2048 882 1620 2048 | 1160 2120 3848 | 1438 2620 4748 
610 1130 2066 BBE 1630 2966 | 1185 2130 3865 | 1443 2630 4785 
516 1140 2084 | воз 1540 2084 | 1171 2140 3884 | 1449 2840 4784 
621 1150 2102 | g99 1650 2002 | 1177 2150 3902 | 1454 2650 4802 
1160 2120 | (904 t660 3020 | 1182 2160 3920 | 1460 2880 4820 
1170 2138 910 1670 3038 | 1188 2170 2938 | 1466 2670 4838 
1180 2156 | 916 1680 3056 | 1193 2180 3956 | 1471 2680 4858 
1190 2174 | 921 1690 3074 | 1189 2190 3974 | 1477 2690 4874 
1200 2182 | 927 1700 3082 | 1204 2200 2992 | 1482 2700 4892 
1210 2210 | 832 1710 3110 | 1210 2210 4010 | 1488 2710 4810 
1220 2228 $38 1720 3128 | 1216 2220 4028 | 1493 2720 4928 
1230 2246 943 1730 3146 | 1221 2230 4046 | 1499 2730 4945 
1240 2264 948 1740 3164 | 1227 2240 4064 | 1504 2740 4954 
1250 2282 | 954 1750 3182 | 1232 2250 4082 | 1510 2750 4982 
1260 2300 | 960 1760 3200 | 1238 2260 4100 | 1516 2760 5000 
1270 2318 966 1770 3218 | 1243 2270 4118 | 1521 2770 5018 
1280 2336 | 971 1780 3236 | 1249 2280 4136 | 1527 2780 5036 
1200 2354 677 1790 3254 | 1254 2290 4154 | 1532 2780 5054 
1300 2372 | 982 1800 3272 | 1260 2200 4172 | 1538 2800 5072 
1310 2390 1810 3220 | 1266 2310 4190 | 1543 2810 5090 
1320 2408 1820 3308 | 1271 2320 4208 | 1549 2820 5108 
1330 2426 1830 3326 | 1277 2330 4226 | 1554 2830 5126 
1340 2444 1840 3344 | 1282 2340 4244 | 1560 2840 5144 
1350 2462 1850 3362 | 1288 2350 4262 | 1566 2850 5162 
1380 2480 1860 3380 | 1293 2360 4280 | 1571 2860 5180 
1370 2498 1870 2208 | 1299 2370 4298 | 1577 2870 5198 
1380 2516 1880 3416 | 1304 2380 4316 | 1582 2880 5218 
1390 2534 1890 3434 | 1310 2380 4334 | 1588 2800 5234 
1400 2552 1900 3452 | 1318 2400 4352 | 1593 2900 5252 
1410 2570 1910 3470 | 1323 2410 4370 | 1599 2910 5270 
1420 2588 1920 3488 | 1227 2420 4388 | 1604 2920 5288 
1430 2606 1930 3508 | 1332 2430 4406 | 1610 2930 5306 
144D 2824 1940 3524 | 1338 2440 4424 | 1616 2940 5224 
1450 7842 1950 3542 | 1343 2450 4442 | 1521 2050 5342 
1460 2660 1860 3560 | 1349 2460 4460 | 1627 2960 5360 
1470 2678 1970 3578 | 1354 2470 4478 | 1632 2970 5378 
1480 2696 1980 3596 | 1360 2480 4496 | 1638 2980 5396 
1480 2714 1990 3514 | 1386 2490 4514 | 1643 2990 5414 
1649 3000 5432 





Interpolation Factors 





Interpolation Factors 


















C F C F 
0.56 1 18 3.33 6 108 
1.11 2 86 3.89 7 126 
1.67 3 54 4.44 B 144 
2.22 4 72 5.00 9 162 
2.78 5 90 5.56 0 18.0 


"Тһе term Centigrade was officially changed to Celsius by International agreement in 1948. The Celsius scale uses the triple 
phase point of watar, at 0° Centigrade, in place of the ice point as a reference, but for all practical purposes the two terms are 
interchangeable. 
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aU RC ي‎ t| 


Temperature Conversion 


Cels. - = с) + 32 С + 273.16 1.8 (С + 273.16] 


Fahr. 2 IF - 32) — | [Е - 32) | + 273.16 == WF) iem Р + 459.7 | 





z | 
Kelvin | К- 273.16 "|: IK - 273.16] e| +32 = iK- 273. 16) | KA 1.8 


Ңеаи, | (2 pe) +32 Б + 273,16 ЕСЕН ak + 481.7 
Hank. | — ~ 273.16 Ra- 459.7 = = (Ra- 491.7) | 


Five major temperature scales are in use at present. They are: Fahrenheit, Celsius, Kelvin (Absolute), 
Rankine, and Reaumur. The interrelationship among the scales is shown here. 
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Comparative Temperature Scales 
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TEMPERATURE-HUMIDITY INDEX 


The United States Weather Bureau developed the formula for temperature — humidity index. It is based on 
temperature and relative humidity. 


npo Я + ОАТ bulb Taa а? 
where temperatures are in degrees Fahrenheit. It has been determined that when the THI reaches 72, some 
people are uncomfortable; when it reaches 76 most everyone is uncomfortable. 

Actually itis the combination of both high temperature and high humidity which causes discomfort. Lowering 
either one will increase comfort. On the other hand, lower temperature plus low humidity can cause discomfort on 
the cool side. Thus, in the wintertime, when the humidity in heated buildings is low,a higher temperature is needed 
for comfort than is required during other seasons when the humidity is higher. 

FOR EXAMPLE: At a dry-bulb temperature of 75°F and a relative humidity of 60%, the THI is 71. 
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COLOR SCALE OF TEMPERATURE | | 
Commonly used terms to describe the color of heat are related to the approximate range of temperature. 





Incipient red heat 500- 550 Yellow heat 1050-1150 
Dark red heat 550- 750 Incipient white heat 1250-1350 


Bright red heat 800- 900 White heat Above 1450 
Orange-red heat 900-1000 





THERMAL SPECTRUM 












WELDING SILICON MELTS 





COPPER MELTS 





COLD MELTS 









SILVER MELTS 





GERMANIUM MELTS 










HAND SOLDER 


AND HIGH TEMP. SILVER SOLDERS MELT 
BRACING 










COMPLETE LIGUIFIC ATION 21% 
















—— 200 49 
БОЛБО LEADS TIN 
| SOLDER MELTS E 29 
| ue я a USEFUL 
INOIUM MELTS RANGE OF 
MERCURY 
THERMOMETER 










STEAM POINT 































e HIGHEST 
RECORDED Б 
SILICON WORLD TEMP 
OPERATING HUMAN Бү 
| | TEMPERATURE 
SILICON | GERMANIUM | 
STORAGE OPERATING ICE 
GE BREA HILIM POINT 





STORAGE 













FREEZES 









LOWEST 
FECORDED 
WORLD TEMP 


| *F«1S75*c) -32* 


65 
uL a 
-100 







{OR LOWER) B.3 -i269 








"аса er -32*l 


-200 -326 









ZERO-ERERGY POINT -273165 ABSOLUTE ZERO 





SCALE IM" | SCALE z| 


(Courtesy of Genaral Electric Semiconductor Products Department, Syracuse, N.Y.) 
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STANDARD ANNEALED COPPER WIRE TABLE 


Cham 


ferrin 


Mus 


Cross Sec rion 


Circular 

! Миа 
211,600 
167,800 
133, 100 
195,500 


0.1662 


0.1318 


| 0.1045 
| 0.08289 


0.04901 
0.05180 
0.07793 


0.09927 


bis 
"Ong ЕТ 


840.5 
507.9 
402.8 
319.5 


Ohmi/L b 
ar 20702 
ЕВЕ! 


0.00007552 


00001217 
0.0001935 
0.0003076 


Lh Ohm 
+i 20°C 
је ЕН?Е! 


13,070 


В 218 
5,169 
3.251 


83.690 0.05573 | 01239 | 253.3 
66,370 0.05213 0.1563 | 200.8 
52,540 0.04134 9,1970 | 159.3 
41,740 0.03278 0.2485 | 126.4 
33.100 0.02600 0.3133 | 100.7 
26.250 0.02052 | 03951 79.46 0.004972 201.1 
20.820 0.01635 0.4982 63.02 | 0.007905 126.5 
16,510 0.01287 0.5282 49.98 0.01257 79 55 
13,020 0.01028 | 0.7921 39.63 : 001899 50.02 
10,380 0.008155 | 09989 31.43 | | 1 0.03178 | 3147 
8,234 0.006467 1.260 2492 | | 0.05053 | 19 79 
6,530 0.005129 1.588 19.77 ; 0.08035 12 45 
5.178 | 0.004067 2.003 15.68 33. | 0.1278 7 827 
4,107 0.003225 2.525 212.43 | 0.2032 4 9027 
3,257 0.002558 | 3184 9 858 | | 0.3230 3.096 
2.583 0.002028 4 016 7 E18 | 05136 | 947 
2.048 0.001609 | 5.064 5.200 0.8167 | | 224 
1.624 | 0.001278 | 6.385 4917 3 1 299 0 2700 
1.298 0.001012 8.051 3.899 | 5. | 2 065 4843 
1,022 00008023 | 10.15 3.092 | 3.283 3045 
810.1 0.0006363 1280 | 2452 | | 5221 1815 
642.4 00005046 | 1614 | 1945 | 8301! | 1205 
509.5 00004002 | 2036 1542 | ; | 13.20 | 07576 
4040 0 0003173 25 67 | 1223 | 20 99 04765 
320.4 0.0002517 32.37 0.9699 33.37 02997 
2541 | 00001996 4081 07692 53 06 01885 
201,5 0.000 1583 5147 0.6100 64.37 01185 
159.8 000012755 | 64.90 0.4837 | 134 2 007454 
1267 | 0.00009953 81.83 0.3836 | 2133 | 004688 
100.5 0.0000789а | 1032 0.3042 | | 3332 | 002548 
7970 | 000006260 | 1301 02413 | 4, 5393 | 001854 
6321 | 000004964 164 1 0 1913 8576 | 001166 
5013 | 000003837 206 9 | 01817 d | 1.364 0007333 
39.75 | 000003122 | 2609 | 01203 ) 2.168 | 0004512 
3152 | 200002476 | 3290 0.09542 | | 2448 0002901! 
25.00 | 0 00001964 414 B 0.07568 . | 5,482 | 0001824 
1983 | 000001557 523 1 0.05001 i | 8.717 0001147 
15.72 | 0.00001235 | 6596 | 004759 |21. | | 13,860 00007215 | 
1247 |0000009793 | 8318 0.03774 22.040 00004538 | 
.9.888 | 0000007766 | 10490 _ 002993 | 33. | | 35.040 00002854 | 


0.000489} 2,044 
0.0007776 1.286 
0001237 | ВОВ в 
0.001965 508.5 
0003127 319.8 





Temperature coefficient of resistance: The resistance of a conductor at temperature tin degrees Celsius is given 
by 


A, = я, [1 + a, (t~ 20) 


where Мы is the resistance at 20°C and а 0 is the temperature coefficient of resistance at 20°C. For copper, а 


= 0.00393. That is, the resistance of а copper conductor increases approximately 0.4% per degree celsius rise in 
temperature. 
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PROPERTIES OF COMMON WIRE AND CABLE INSULATIONS 





insulation Breakdown gH. T. Operating Weather Fiex- auggested 
Material Voltage Losses Temp. ЕСІ Resistance ibility Lite 


Standard PVC High Medium -20 to +80 Good Fair General purpose 
Premium PVC High Medium -55 {о +105 Good Fair General purpose 
Polyethylene High Low - 80 to +80 Good боса К, f. cables 
Natural rubber High High -4D to +70 Poor Good Light duty 
Neoprene Low High - 30 to +90 Good Good Rough service 
Waxed cotton Low High Poor Good Experimenting 
Teflon High Low -70 to +260 Good Fair High temperature 





WIRE STRANDING CHART ___ 


A stranded conductor is made up of a number of smaller wire strands. This chart shows the size of each strand, 
when the number of strands in the finished wire size is known. Also, the number of strands for each given strand 
size may be determined for a finished wire gauge size. 


Locate the conductor's desired 
AWG size on the слан and 


trace it vertically, The number | 
and size of slrands needed tà 
make the stranded conductor 
will be indicaled by the hori- 
zontal line (strand number) ond 
diaganc] line {strand size], re- 
spectively, 


SONVHLS 30 SSEWNN 


For example: 

A 322 AWG stranded соп: 
ductor can be made with 4 
strands of #28 AWG wire or 


10 strands of #32 AWG wire, . — . и 
etc. 2 14 16 а 20 22 2 


A.W.G. NUMBER 
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TEMPERATURE CLASSIFICATION OF INSULATING MATERIALS 


Temperature Classifications 
Definitions of Insutating Materials (IEEE) 


Class | — би —  — | 
Materials or combinations of materials such 
as cotton, silk, and paper without impreg- 
nation. Other materials or combinations of 
materials may be included in this class if by 
experience or accepted tests they can be 

shown to be capable of operation at 














Materials or combinations of materials such 
| as cotton, silk, and paper when suitably im- 
pregnated or coated or when immersed in a 
dielectric liquid such as oil. Other materials 
or combinations of materials may be in- 
cluded in this class if by experience or ac- 
cepted tests they can be shown to be capa- 
| ble ef operation at 









Materials or combinations of materials such | 
| as mica, glass fiber, asbestos, etc., with 
suitable bonding substances. Other mate- 
rials or combinations of materialis, not 
necessarily inorgenic, may be included in 
this class if by experience or accepted tests 
they can be shown to be capable of opera- 
tion at 

















| Materials or combinations of materials such 
| as mica, glass fiber, asbestos, etc., with 
| suitable bending substances. Other mate- 
| rials or combinations of materials, not 
necessarily inorganic, may be includad in 
this class if by experience or accepted tests 
they can be shown to be capable of opera- 
tion at 











Materials or combinations of materials such 
as silicone elastomer, mica, glass fiber, as- 
bestos, etc., with suitable bonding sub- 
stances such as appropriate silicone resins. 
Other materials or combinations of mata- 
rials may be included in this class if by ex- 
perience or accepted tests they can be: 
Shown to be capable cf operation at 





Materials or combinations of materials 
| which by experience or accepted tests can| 
be shown to бе capable of operation at | 









Insulation that consists entirely of mica, 
porcelain, glass, quartz, and similar inor- 
ganic materials. Other materials or combi- 
nations of materials may be included in this 
class if by experience or accepted tests| 
they can be shown to be capable of opera- 
tion at temperatures over 










NOTES: 


1. Insulation is considered to be "impregnated" when a suit- 
able substance provides a bond betwaen components of the 
structure and also a degrea of filing and surface coverage 
sufficient to give adequate performance under the extremes 
of temperature, surface contamination (moisture, dirt, atc.), 
and mechanical stress expected in service. The impregnant 
must not flow or deteriorate anough at operating temperature 
50 as to seriously affect performance in service. 


2. The electrical and mechanical properties of the insulation 
must not be impaired by the prolonged application of the 
limiting insulation temperature permitted for the specific in- 
sulation class. The word "impaired" is here used in the sense 
of causing any change which could disquality the insulating 
material for continuously performing its intended function 
whether creepage spacing, mechanical support, or dielectric 
barrier action. 


3. In the above definitions the words "accepted tests" are 
intended to refer to recognized Test Procedures established 
for the thermal evaluation of materials by themselves or in 
simple combinations. Experience or test data, used in clas- 
sifying insulating materials are distinct from the experiance or 
test data derived for the use of materials in complete Insula- 
tion systems. The thermal endurance of complete systems 
may be determined by Test Procedures specified by the 
responsible Technical Committees. A material that is clas- 
sified as suitable for a given temperature may be found 
suitable for a different temperatura, either higher or lower, by 
an insulation system Test Procedure. For example, it has 
been found that some materials suitable for operation at one 
temperature in air may be suitable for a higher temperature 
when used in a system operated in an inert gas atmosphere. 


4. It is imporiant to recognize that other characteristics, in 
addition to thermal endurance, such as mechanical strength, 
moisture resistance and corona endurance, are required in 
varying degrees in different applications for the successful 
use of insulating materials. 


VOLTAGE-CURRENT-WIRE SIZE NOMOGRAM 
This nomogram can be used to determine: 


1. The minimum wire size for any given load current and voltage drop; 

2. the mV drop Лоог for any given wire size and load current; 

3. the maximum recommended" current for any given size wire. 

FOR EXAMPLE: 1. With a permissible voltage drop of 5 mV /ft, the minimum wire size in a 3-A circuit is #12 
AWG. 

2. At 300 mA the voltage drop across #22 AWG wire is 4.5 mV М, 

З. The maximum recommended current for #18 AWG wire is 3.5 A. (This is found by connecting point A on 
the ЇН drop scale with the wire gauge scale, and reading the intersect point on the Current scale). 


MAXIMUM 
OPERATING IR DROP IN 
CURRENT CONDUCTOR 


(А) (mW ft] 
û5 . 


0.6 


от 
ов 
05 
1.0 


AMERICAN 
WIRE GAGE = 


2 





current. _ 
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FUSING CURRENTS OF WIRES 


This table gives the fusing currents in amperes for five commonly used types of wires. The current /in amperes at 
which a wire will melt can be calculated from ! = Kd? where d is the wire diameter in inches and Kis a constant 
that depends on the metal concerned. A wide variety of factors influence the rate of heat loss, and these figures 
must be considered approximations. 


Copper | . lron 
Ec K = 
10,244 3748 іа? 


0,54 0.28 
OT? pao 
1.11 0.55 
1.57 0.87 


2,21 1.15 
4.15 1.83 
4,48 232 
6.31 329 


4.58 

6.51 

9.36 
11.2 


13,3 
15.8 
12.8 
22.4 


0.0641 28.5 
0,0718 31.7 
0.0808 12. 3? 
0.0907 449 


0,1019 53,4 
0.1144 63.5 
0.1285 | 15.6 
0.1443 90.0 
107 


- _Соррег Temperature — 
Size AWG 90C 105С 125С 200C 250C 
Amperes per Conductor 


Ж A 4 : : < CURRENT RATING FOR DIFFERENT CONDUCTOR 
26 5 5 6 ; в MATERIALS MAY BE CALCULATED BY MULTIPLYING | 


24 7 7 B 10 11 THE APPROPRIATE COPPER CONDUCTOR RATING BY 
22 9 10 11 1З +4 | HE FOLLOWING FACTORS: 
12 13 14 17 19 Nickel - clad copper 0.87 
25 20 22 26 29 Nickel | "Wo И 
оу 28 30 38 зв Note: The ultimate temperature an appliance wire reaches is | 


| | influenced more by its proximily to heat sources (re- 
Correction Factors For Various Air Temperatures sistors, motors, etc.), within the appliance than by the 


30C 1.00 1.00 1.00 1.00 current flowing in the wire itself. The ratings, therefore, 
40 0.91 0,83 0.95 0.97 should only be used as a guide. in no case should the 
50 0.82 0.85 0.89 0.94 wire be used in a manner that will cause it to exceed its 
60 0.71 0.77 0.83 0.81 maximum temperature rating. 
70 0.58 D.68 0.76 0,87 

BO 0.41 0.57 0.69 0.84 

90 nd 0.44 0.61 0.80 

100 к. 0.25 0.51 0.77 

125 LY ж mem 0.66 

150 ae — 2058 0.54 

200 
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AUDIO LINE TABLE 


This chart shows the maximum length of line that can ba used between an amplifier and speaker(s) that would 
assure that the power loss does not exceed 15% in low-impedance circuits, and 5% in high-impedance circuits. 
When several speaker lines are brought separately to an amplifier, calculations must be made for each line 
independently. 
FOR EXAMPLE: Four 16-ohm speakers are connected in parallel to the 4-ohm tap for perfect impedance 
match. Line losses are calculated for each line on the basis of the 16-ohm impedance rather than the combined 
4-ohm impedance. 


Maximum Length of Line for 15% Power Loss—Low 
Impedance Lines 


Wire Size Load impedance 
fB and 5) 4 айт 8 ohms TE ohms 


14 125 ft 250 ft 450 ft 
16 75 ft 150 ft 300 ft 
18 50 ft 100 ft 200 ft 
20 25 ft 50 ft 100 ft 


Maximum Length of Line for 5%-Power Loss—High 
Impedance Lines 


Wire Size Load impedance 
(B and 5) 100 ohms 250 ohms 500 ohms 


14 1000 ft 2500 ft 5000 ft 
16 750 ft 1500 ft 3000 ft 
18 400 ft 1900 ft 2000.ft 
20 250 ft 750 ft 1500 ft 
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SPARK-GAP BREAKDOWN VOLTAGES 


The curves are for a voltage that is continuous or at a frequency low enough to permit complete deionization 
between cycles, between needle points, or clean, smooth, spherical surfaces (electrodes ungrounded) in 
dust-free clean air. Temperature is 25°C and pressure is 760 mm (29.9 in.) of mercury. Peak kilovolts shown in the 
graph should be multiplied by the factors given in the table for other atmospheric conditions. 

An approximate rule for uniform fields at all frequencies up to at least 300 MHz is that the voltage breakdown 
gradient of air is 30 peak kV /cmor 75 peak КУ Ап. at sea level (760 mm of mercury) and normal temperature (25° 
C). The breakdown voltage is approximately equal to pressure and inversely proportional to absolute (° Kelvin) 
temperature. 


1.5" DIAM — 
2 46" DIAM 


a 
- 
- 
о 
> 
с 
2 
ж 
= 
т 
шы 
а. 


| | 
0.01 002 004006 01 02 0406 1 182 
GAP LENGTH IM INCHES 


Spark-gap breakdown voltages, 


Table of Multiplying Factors 
Pressure Temperature 


fin. {тїт PC) 
Hg) На} o 20 


5 127 А 0.23 0.21 
10 254 j 0.42 0,39 
15 381 0.60 0.56 


20 508 К 0.77 072 
25 635 А 0.93 0.87 
30 762 Y 110 1.03 


35 889 1. | 1.26 1,9 
40 1016 1. | 142 1.33 
45 1143 1, 1.58 1.49 


50 1270 ; 173 1.63 


55 1397 у 1.80 178 
60 1524 Е Е 2.04 1.92 





365 


PRINTERS 


The family trees show the various types of serial and parallel printers and how they relate. 


NONIMPA T 


DOT MATRIX 


[| 
І 


mimeo ESEN ПН ЕСЕН INKJET (THERMAL ELECTROSENSTIVE] 





jg meme remake mma tc ele neem o os m PLU MP 7 
| I 
VT сан қ алға” 3 
| i | 
| | : 
| 
[DOT MATRIX] CHARACTER DOT MATRIX] 


ERD cm СН am 


سسس 


i 
COMB НЕГ ELECTROPHOTOGRAPHIC 
pie e OR FIBER OPTIC || 
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ASCII CODE 


The American Standard Code for Information Interchange (ASCII code) is used extensively in computer data 
transmission, The ASCII Code produced by most computer keyboards is shown here. 
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NUL Mull, or all zeros 
SOH Start of heading 
STX Stan of text 

ETX End of taxt 

EOT End of transmission 
ENO Enquiry 

ACK Acknowledges 


BEL Ball, or alarm 

BS Backspace 

HT Horizontal tabulation 
LF Line feed 

үт Vertical tabulation 


FF Form feed 

CR Carriage retum 
50 Shitt out 

Si Shift in 

DLE Data link escape 


BIT NUMBERS 


^ол 
ООО 


e — Dd |DLE| SP | 


ЕЕ еш EE e Po TUS 
eee к таң ик анан 
pa жы | # | 3 | 





Device control! 1 
Device control 2 
Davice control 3 
Device control 4 
Negative acknowledge 
Synchronous idle 

End of transmission block 
Cancel 

End of medium 
Substitute 

Escape 

File separator 

Group separator 
Recard separator 

Unit separator 

Space 

Delte 


BAUDOT CODE ee ر‎ 
Тһе Baudot Code is а 5-bit code suitable for punched paper tape and standard teletypewriter operation. In addition 
to the five bits per character, each character is preceded by a start bit, which is a space, followed by a stop bit, 
which is a mark, approximately 112 times longer than the regular data mark. 


-— | IMPULSE | 


LOWER 
CASE 


NOTE: PRESENCE OF @ INDICATES 
MARKING IMPULSE 


ABSENCE OF & INDICATES 
SPACING IMPULSE 
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GRAPHIC SYMBOLS FOR ELECTRONIC DIAGRAMS 


Semiconductors 


3/0 


DIODES 


reclifier (junction) digde 


pido ЕДЕ Eu cok cade 


кы corned Paelubeiiect] diode 


ТАТЫ choi Ro 


к 
За ин у (oi киігі | alas 


А к 


por n «іне 


n 


Gunn би, glo letati dicte 


А — x 


мртви у TRANSISTORS 


(пар, charge-storage) diode 
npn transistor E 
i 
E 


pnp transistor 


-% 


multipla-emitter npn transistor 


EEEE г 
THYRISTORS | i d 


іэиг layer (papn, Shockley} diode прп Darlington transistor 


С 
к 
B 
E 


к оо йл Schoitky transistor 


aleo "соло еа recenter [SCA] с 
B 
E 





верена соу го ес! switch [505] umjvoction transistor (МТ with n-type base 
Gl 


в? 
Е 

: оо 

E" B1 


hac {ийнесин switch] 


марш ип transisigr {LAF} with p-type base 
n? 
E 
on 
E1 
peeogramable игра гна гапт ог (PLUT), 
aio SCR with n-type дане 


б 





FIELD-EFFECT TRANSISTORS {FETs} 


r-channel p. channel 


junction-gate (ЈРЕТ) 


Û п 
5 5 


б б 
© G vo 
threa-terminal depletion-ty pa 
insulated-gate {IGFET} 
со 


[A D 

5 5 
Ihreg-termanal deptetign-type IGFET, 
«ЫШТАР ltd to source 


n D 
ч 5 


fnur-1erminal depletion-typa IGFET 


г о 
& в Фа 
Н 5 


four-rerminal enhancemeat-ty pe IGFET 


[ы t 
B B ов 
а o 
5 5 


five-terminal dual gate depletion: туре IGFET 


D В 
аа B G2 8 әс 
G1 G1 

& 5 


fivg-terminal dual-gate enhancernent-type IGFET 
n о 
51 52 


G1 41 


o = |EEE/AMSI approval © = IEC approval 


Optoelectronic Devices 


CODES 
light-emitting diode (LED) 


npa bidirectional photodiact 
iphoto-duo- оде) 


pnp bidirectional photodiode 
(photo-duo-diode) 


pnp two-segmemnt nharodiode, 
with common си је 


pap бошга гат photodiode, 
woth commen cathodes 





TRANSISTORS 


npn phoetakranssiar, 
na base Connection 


m c 

E 
npn phoigltransisTor, 
with base connection 


M c 
8 де 
Е 


x = Proposed IEEE revision 


а = Popular industry usage 


OPTICALLY COUPLED ISOLATORS 


with photodiode output 


o 
О 
with phototransistor output, 
no base connection 
О 
vath phototransister ош рит, 
and base connection 
© 
D 


with photo Darlington output, по base 





with photo Darlington output, and base 


with photodiode and amplilier: 
transistor output 


Lig M 
Ғе 


with МАМО ga1e-photodetectar output 


X = NARM approval 
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Two-State Logic Devices 


FLIP-FLOPS 


GATES 
Нина ры muħipe-lnput 
AND gate 
= је = > 


HAND gale, nagated output 


m 
^ 


NANG gate, negated inputs 


E 


ОВ gate 


"D 
ди a 


NOR gate, negated output 


у 


EE 


МОН gate, negated inputs 


ї 


Н-5 ізег-гезет | flip-flop 
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E 
М 


extlhusi¥e-A gate 


inverter gate 


| МОМОЗТАВГЕ 
oo MULTIVIBRATOR 


monostable 
(single-shot, one-shot} 


d 


o SCHMITT TRIGGER 


пега! 


PY 





Fundamental Circuit Components 


RESISTORS 


Пиауи resistor 
у б Ù 


— ES gue 


variable resistor 
NE e oo 
کا‎ oo 
سا‎ оо 
کچ‎ oo 


voltage sensitive rests tor 
[varistor] 


——— 99 


CAPACITORS 


xed value capacitar 


—11—— о • 
—À— оо 

elpeirol'ytit capacitor 
—у— о « 

variable capacitor 
H on 
= Fe 


INDUCTORS 


fimed-value inductor 
бо 


fixed-value Inductor 
with magnelic core 


—— 





a Y Y o 
variable inductor 

— — © о 

ий © C 
TAANS FORMERS 


1гап огы 


= м 


tra па ог mer with 
magnetic core 


_ e 


shielded transformer 
wnth magnetic core 


o келт Л... 
i | 
ЗЕЕ. 
ны 














0—90 | 


BATTERIES 
jingle-csll battery 








CRYSTALS CIRCUIT 
PROTECTORS | 
тү" . | 
piezoelectric crystal Ана | 


= $$ 








+: = 
Е BB ео 
muitiple-cell bariery 


--ШЦЕ- oo 


SOURCES 


AUDIO DEVICES 


loudspeaker 


солесапт уд аде source 


А 


+ 
= AMPLIFIERS | 


tingleended amplilier 


canstant-current source 


differential amplifier 
tor comparator} 


T 


nc oscillator source 


Norton [current] 
amplifier 


LAMPS 


incandescent lamp 
1 >) © 


signal lamp 


i 


flashing signal lamp 


" 


regn lamp, de түре 


neon lamp, вс түре 


оо 


? 


fluorescent iamp, 
two-termina 


Contacts, Switches, and Relays 


ИРА Пе 


CONTACTS ched contact SWITCHES gush: bution swirtéh, 
a, o0 tngle pote Ar rally clased Foun B, түні 
fixed relay contact mngle-throwe [5051 | о 10 o ice 


"Go во 
— © 


+ д | open соласт 


4—. Фе 


ot оо 


—— 5 4 doute Ако [spat] 
oF 99! „в eo Фо 
lized swich Contact TTH ечи. 
о D make-betore-break double-pole | 
contact assembly double-throvw [dpt 
— i o | 
-o to RELAY CONTACT 


И, о | ARRANGEMENTS 
—À о- Ши РА ПОР А яч ИЛА У Ps 


ر 
LE?‏ 
Paving сагс,‏ 


locking 


o “ 9 break- before make 


contact assembly 





push-button switch, | Form A, spar 
moving Contact, 


nonlocking [ x | 
i 2 


E—— Ww 


















CABLE flexible yyaveguicli 
two-conductor cable lé 82 == 
wiih grounded shield pasted wavequicle 

— M 

e 5 —77— $99 | GROUND 


Pau dimid 


Е. 





STRIFLIME 







WAVEGUIDE 
circular waveguide 


—Q—— oo 


rectangular waveguide 






coaxral cable with 
grounded shield 






unbalanced {ri ріг» 


Eure ОЛИ 







=== > 0 


Microwave Circuits 


COUPLING | aun er = | stripline hybrid fonction MODE SUPPRESSORS 
enupling by loop to space | chal directional coupler | T АМ se У жі. 
me | Есе еч е 
coupling by loop to | ЗА 
guided пя Та on | 
path x о кел «ене FILTERS 
Ly оо | fixed-direcuan circulator mode цег 


д 


coupling by loop from В oo 
соая ta circular 
waveguide, with de 


grounds cannecteci HYBRID JUNCTIONS raversibla-direction 
мала ив iy bred circulator _ 


Шарап 
oo д | © 
д oo | 4 5% 


bandpass filter 


< 


malt positon sieh 1 | бы 
single-polg у 


Furm Ё sul 


пи Ка" | 


ШЕ шш 
о 


а. Ранги 0, spul 
інші, інен) 


ior mally open normally сјени | 2 —————n0 


| 6 Imake] Oy 
о e е oy 


ЖИЕ А sti ај 


i 0 0 


oo 


Chasse ім late 


le: pat Tell er 


ў 


high: pass filter 


22 


band-reqece flier 





PHASE SHIFTERS 
matched phase shilter 


әс 


со 
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CONVERSION TABLE FOR BASIC PHYSICAL UNITS 















CG&S-ESU Multiply by ta get CGS-EMU 





















































3.335 x 10-0 Oersted 10? 
(Gilbert/cm.} „7958 x 102 
{Gauss} | 


Gilbert — 


. Magnetic Field 
Intensity, 
Magnetizing Force 


Magnetomotive Force 


1 
| 7958 
Gilbert / Maxwell Û" 
(Oersted) „7958 x 105 


Maxwell /Gilbert 10-* 
1,257 x 10-8 


B 


35, 


3.335 x 10-17 







36, Reluctance 1.113 x 10-2) 


37. Permeance 5.588 x 1029 


i 








Practical System: /ncomplete system similar to MKS, but using centimeters and grams. 

For all Systems: Temperature is in °C. Time is in seconds. 

For MKS System: Space Permittivity 8,854 X 10 °° F/m. Space permeability 1.257 X 1079 Ним. 
Older or obsolete names are shown in parentheses. 

To convert CGS-ESU to Rationalized MKS, multiply by both factors. 
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Multiply hy to get Rationalized MKS 


l Length __ wei 
2. Mass | sm 1| i. | om | № | 
3, Force =. = me 1,1 1 м ү Шш] 
4, Energy, Work ee ГТ... m. | ee 8 
5. Power 
76, Electric Charge 
7. Linear Charge Density | Statcoulomb/cm. | 3.335 x 10-" | Abcowlomb/cm. | 10 | 
B. Surface Charge Density 
9. Volume Charge Density Abcoulomb/cm.3 
10. Electric Flux — — — 
Flux Density 
12. Polarization 
13, Electric Dipole Moment 
_ 14, Potential] č Statvolt Abvoit 
15, Electric Field Intensity 
IB, Current 
17. Surface Current Density | Statampere/om, 
. Volume Current Density 
. Resistance 
Resistivity [ Statohm-cm, | 8988x105 | Abohmem. | 10-7 | 
‚ Conductance 
‚ Conductivity | 
. Capacity — | Statfarad, Cm. | 1.113 x 10-7 | Аааа | 12 | 
24, Elastance __| байта — | 8.9988x 107 | Abdaraf — | — 107 | 
Permittivity "uu в... 3 «^ 
(Centimeter) = 
"Permeability. = _ | 8388x105 | Gauss /Oersted | 1:257 x 10-* | 
‚ Reluctivity = [зака | Oerted/Gauss | — 19 _ | 
Magnetic Charge = Û 239x10 | Пай рое | 127x107 
. Magnetic Flux |____- _____ 2558 х 106 | Maxwell (Line) J 10° | 
Magnetic Induction Lines/em.? x 
. Magnetization J|] — J 2898 KO f  Pole/cm.? | 1257Х102 | 
‚ Magnetic Dipole Moment ë 


Pragilbert/Weber 
Ampere-turn / Weber 


Weber/Ampere-turn 








Meter 
. Kilogram | 
Newton, Dyne-five 
Joule 
Watt 
_ Coulomb 
Coulomb/m. 
Coulomb /m.* 
Coulomb/m,* - 
Coulomb 


"Coulomb /m.? 





























Coulomb /m,? 
Coulamb-m.- 
Volt — 
. Volt/m, 
Ampere 
Ámpere/m. 
Ampere/m,? 
Ohm 
Оћт-т, 
Мћо 
Мћо/т, 
Farad 
Daraf —— 
Farad/m, 





































Henry 


Henry/m, 
Weber 
Weber 

Weber/m,? 


Weber/m,? 
Weber-m, 


Praoersted 
Ampere-turn / m. 


Pragilbert 
Ampere-turn 


TERMINAL AND CONTROL MARKINGS ON FOREIGN EQUIPMENT 


Radio-Phono 


EARPHONE 
OUTPUT (-ОНМ8) 


SPEAKER 
OUTPUT (OHMS) 


SINGLE- WIRE 





Television 


BRIGHTNESS 
CONTRAST 
HORIZONTAL HOLD 
VERTICAL HOLD 
HI-Fi SWITCH 


VHF SWITCH 


ИНЕ SWITCH 


| FOR STER 
LEFT U SPEAKER- 





TREBLE 


BASS 


POWER ОН-ОҒҒ 


| INCREASE 


(VOLUME , ETC.) 
AC ONLY, У0175 


AC-DC,—vOLCTS 


| HIGH VOLTAGE ! 


EO 
RIGHTh CONNECTIONS 
ETC. 


lut uz из! UHF STATIONS 


(CHANNELS) 


50-60 CYCLE 
(POWER) 


REMOTE CONTROL 
| SOCKET 


VHF DIPOLE 
| UHF DIPOLE 
| VERTICAL 


| LINE ARITY 


HORIZONTAL 
LINEARITY 


HEIGHT 


WIDTH 
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TORQUE-POWER-SPEED NOMOGRAM 


This nomogram relates power, torque, and speed. 
FOR EXAMPLE: 200 oz-in. at 500 rpm [s 0.1 hp, which equals approximately 75 W. The nomogram is based 


on the formula: 
Horsepower = 9.92 x torque x speed x 107” 
where torque is in ounce-inches and speed in revolutions per minute. 


TORQUE POWER SPEED 
02-ің GH-CM НР WAITS RAD/SEC RPM 
Е’ 





APPROXIMATE FULL-LOAD CURRENT FOR CONTINUOUS-DUTY MOTORS 


Direct-Current Motors? 
(Amperes at Full Load) 


HP 
1/2 
3/4 


15 
20 
25 


40 
40 
50 


60 
75 
100 


125 
150 
200 


“These values for full-load currant are average for all speeds. 


ЛЕЖИ 
4,6 
6.6 
8.6 


12.5 
16.4 
24 


40 
58 
76 


112 
148 
184 


220 
292 
360 


430 
536 


220 У — 


2,3 
3.3 
4,3 


6.3 
B.2 
12 


20 
29 
38 


56 
74 
92 


110 
146 
180 


215 
268 
355 


443 
534 
712 


_ 250 V 


1.4 
1.8 


2.6 
3.4 
5.0 


8.3 
12.0 
15.0 


23.0 
31 
38 


46 
B1 
75 


90 
111 
148 


184 
220 
295 





Single-Phase, Alternating-Current Motors? 


(Amperes at Full Load} 


HP В 
1/6 
1/4 
1/2 
3/4 


гу 3 2 
M 


5 


1 
^ 


10 


ifs У 


3.2 

4,8 

7.4 
10.2 
13 


18.4 
24 
34 


56 
80 


100 


230и | 


1.6 
2.3 
3.7 
5.1 
6.5 


9.2 
12 
17 


28 
40 
50 


For full-load currents of 208- 
motors, increase corresponding 230-V motor 
fulldoad current by 10% and 15%, respec- 


tively, 


440 V 


21 
26 


and 200-V 


These values of full-load current are for motors running at speeds usual for belted motors and motors with 
normal torque characteristics. Motors built for especially low speeds or high torques may require more running 
current, in which case the name plate current rating should be used, 
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CHARACTERISTICS OF SELECTED MOTOR TYPES 





| MOVING-COLL/PRIRTIO-LEMATWEE 


| ACCONTABL 


Motor Type | 


CONVENTIONAL PLA MANEKT БЕ ЕТ" 


LIMITCB-BOTATIGR BC TORQWER 


Basic Characteristics 


А impie alternative |0 mound-teld shunt. 

PH field plus wound armature 

Linear 10i qug трае relalipastugps in $mál] und s. 

Life limited by brushes ja hogh-tpeed ог severe 2 pplicatiam. 
Readily controled by fran зан of SCR' x, 


Ma соты асе amar ex Trictian 

Unlimited lita. 

Infinite пенни лс, 

Smeth, Сор боча rotation, 

Ко EMI generation. 

Available as moter Hament ex fully Routed. 


Show speed, high torque. 


| Хау туђу Vom poe edi put. 


(ROM ESS ROTOR 


YARIMILE-KELECTANCE $TEFTER 


| енін вт pancala- phapad components. 


Widi dimit range. 
[эрй dymie vl Coils prre smooth operation, 


бітігі te pman паран dc units. 
Шаг Forqui-1psed charactiristicr. 

Smith, nicer ping TEALA. 

Каат wary high, зікеі-дыға кы мш loads. 
fasi гни |2 10 тім), 


Brothas and rugged, 

High stepping mle dependent on ген circuilry, 
No backing torque af raro imer piration 

Foor inherent dam png. 

Lew power efficiency. 

Can exhibit поп ance. 

Operate: pen bop 

Wide dynemic ranga. 

Easily controled. 

Wery raliabla and few |o cost in popular frama sites. 


Uses читам principle io give very small stepping taght. 


SMALL ANGLE 
PEMLLILR(-MAGNET STEPPER 


INVEATER-DRITEN АС 


түні 


High clapping reli. 
High cogging (тїйїнї with rira Inpul ройы, 
Есау usually чету іст, 


Operates lige dc ling wring a switchlüg inverter, 

Somewhat Waa efficient than ac induction motors, сіту е 
yimliar їп раан талса, 

Single-phase (страсно) w Z-phasi wersionz mast common. 


PM watts шыла secioni commutation of sister "armiture ^ 

taii bil Ciran tied a dc molor characieristicr, but бий 
Hid ula Tan with rot ion ri Мы. 

Lech cf bres (гені пй} on Ики applications. 


Brahe. 

верни. 

Lim Hurtin. 

Squirrel capa. 

Linear torque рачна са in ymall units 
(сени соатга lor шт] => O. 
Camping (ally off el Iw созш rotta рес 
Насаф wie dee [10-301 

Poot ата са рани Тр 


Sphchronou tk 


| Low-[p- moderate efficiency 


KTSTERESIS 


Modeste starbing Гоу 
Бут ера и ет independent of lead пета 
Booth, саў РУТЕ 


| Low hunting. 


ГІН | 
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"Versions al [nese motors ying newly developed, very high energy rade egit Tapas can 
fim be made га compact. тайын horsepower gites ilh very high peri- егіні сарану 


Performance Hanges 


Output from IW ta a Practica al a митет. 

Time сінің {te 3.6% of na-Iesd speed] із = 10 
mec. 

EHiciencies from GO to 705 in LOW siret. 

With new magaet materials, can deliver high peak 
powers (Moree гапро], 


Travel recpe trpically ia 120^. 
Torque liam а few n-i lî > 40 6-Я. 
Mechanical time consiaots trem IO to SO тс. 


From 10'1 ef atin te 173 of НЯ. 
Шейін mechanical time enastant y. 
Content to recondit of arc. 

kelptively expensive, 


Üvtputs Iram « IW to fractional hnrxepower. 
High efficiencies. 
Very lm mech ance! and electrical lime constants. 


Several hundred |р (housandk of ops. 
Power ОИ рше up to à tiw hundred watts. 


Slepping cile fram «100 pps to many 10090 4. 
Ферт on driver Flere ics. 

Есян up to a lew Милли watts. 

Singht step takes a few milii secondi. 


Outputs iron « LM ta actionat hora pirî, 
EHiclencie1 from 20 lo H% in багры modes, 
Spends up la 30,000 RPM and higher, 


Früm < IW to 1-2 А. 
Еннің high lite сотта PES. 
Speeds to 30,000 ЯРМ. 
EBvaancies їй 60%. 

Жазат їп IOF: ed Vic. 


Primeni vta іл Km нт output а раси чита 
[«1W ја HM. 

йүн їл 60 and ШІК! Hr versions. 

Time renstants in the 10's of miliseconás. 





Есен eut put wp to about EON 
Sead: up to 12 200 RF 
Eiciescies can exceed 51% 





тине 


‘Application Areas 


For full camge of ари ти, good-perlermance 
drive and соп applicationi 

With agprepregde епу ита tel precaution, зын: 
able lor military! ера wie. 

Prefaried ax à high peclormaace, general. purpose 
гер matar. 


Very high-accuracy pon ын velocity centri 
prar а тїй angie 


For direct coupling te kad 
Ғы very рвоты cielos 
Міні ір geared бури 


Computer peripherals where noilh control and layi 
р bib ПЕН]. 

Contre әррісе ләйлі тәнті high responsa 
Банији, [gd tating and siopping. 


Allscnative to Lynthrenou t molar, 

Шым 16 control арр чата whara (asi {Epo ы 
пе than high power Ра tha principal 
requirement, 

intariacas well fo digital computer. 


Uselul in пути! tonit aad ас лес application 
where control i1 Ура), 
Ferias lag! slewing end high-razatulion tacking, 


Via where dc is only poesi available, 

For өпізегіні anplicaliont whiri ac supplied wary 
widely, aa in forge ag plications, 

Шы here үз might т ba Сету Те. 
43 їп ey high dpeed s or in мене глини 

Varia bh Irequancp retains used [m accelerating 
high inertial Кі. 


Fer култ, eng dle appt adorn нил зира - 
гше aHiciency and contrat 

May be oped ated ai ery Argh ане oc bet ally 
bme pad. 


Recomended Voc pc cama vri Ami ПО very 
Ет Bul put ранг 

Миу ита тїз {G 5 па din} availabe 

Шын! in marg ЕРЕ рари веня bereut gl higi тасы 
тіріні 


Ше тінге sgnehronaus трима ом гераней 
Suited Lp ennadant арғы Corn puter. peel phere ad 
apple попе 


ecific Applications 1 


Meierei for ашаны экө high виа у pnd seag power (EDO 5 of 
walt) ard Fast тїр 11039 20 mice) required 


| Basit dimè ий atia genira spslemi 


Frequently used in яшта incorporating gyros 
Рав shape 3 и ови) aste in руга petals 


| Greet Am both, Ре муве coniro 


Highest! precisipbn military and ётсе applications 
Antenna pasitioning and tracking Io within seconds tl arc. 
Used in wilh 3uper-steuralg ТЗ! revolver, 

Wide герле band useful in hugh-acenracy Mable platmi 
Used miih pros, rade tabled 


| Small, inexpenuive units lind wi in Computer peripherals like lap 






drives and card readers 
айша! сайты and automate apphcitiont, 


Usa as cor pulis peripheral дел (fhoppy dares, card readers) where 
motor delle minat гырдизе doit. 
Damping ponde by Giving alecirenitt 


Simple, несі анага те bs linear posters in positioning Морру | 


diig Duda 


| Can be uted in closed-loop пре ом), 


Provides very hire cost open-loop conirel in actuator areng. 

Cogging torque reflected through gear trate might obviate brake 
ЦЕЙ 

Where fredbach із required, can bi used wilh ерінен incremental 
encoder discs. 


Ме и] їп Tan а риса Бату for Мр ће пе Гани ћу compuler equipment. 
Го high аи ме, serere- environment applications where brushes 
Fail, 


[йк РЇ foe МИНЕ lins 
лара for pumps where ligit in the angag doe nat рум сали у 
Зе а бе ogrralion. 


| Used on very bigh- speed machine 19841 


| Enstiument servos for military applications. 
| ADG Hr carrier leads do німі shaft power, mater ellizencg and 


amalier ил 


| Drives diala, feedback transducers and mechanical devices 


Frequently simpler than all-electeamie systems ға applicaliams 
requiring enly nutpul displays 


Useful in driving memory discs, which require un lori, cog е 
torque, very close tolerances, freedom fram bearing play and 
minimem speed modulation 


Used in рїї gyro drives 


Comparisons with Other Motors 


Hi per теге, damping, тегі electrical time constants [has compa - 
ган ac contre MHL, сер! іл тегі lom power 1onlicalions 

Ры mace МЕЛ Ten sleppti direi 

Mess emily салға than older mee types 


Much simpler than continuus rod ation Hrquecs wath orc а ои 
£ammut an. 


Supplies тој precise control, smealh, and accorale Тас пр lar 
сни а-аа зри ата, 
Requires higher powered amps compared wilh goaded units 


Ғазім response than Нен «тот myles, 

Excetheed brush Fife. 

Lower Тайе voltage. limited oniy by brush friction. 
Much ance efficient [han stepper milers. 


Естеу ci pul and Рив псу EER aliy very lm compie? wilh dc centia 


тей. 


Efficiency of shah power generation 15 19%, 

More еа than comparable maans. 

Simple and inexpensive апела ико Зуп гп ог wide-3perd- range 
drives. 

Handles higher ad тейік than varipbla-ielucTanca sep pad and has 
biler damping. 


Less efficient than tive brushless теби using wleckronle commutation. 
Мене complex, expensive and noisier han hrush-type dc motors, 

Less suitable lar кол Than dlhe de types. 

Үкү tong lide with property designed inverter, 


ит eflicieal, cape Jo control, generale iesi EMI [han пете гурне 
шы. 

Сати а {гилине} thA ba етей In speed contis fever ting 
rumen] aod теге lmiling тїш à separate ceniraller, нен other 


Блез 
Hiver highest sus dined тірші ir a ем расларе у. 


Ehiciency, power ҢЫ and qveriead capability гіт pear compared with 
фе devices 

Sortable for very low-power раң анын because Thee 13 ng brush 
Inction and 1255 capping 


Somerhal із ас еп than эйел “раје xynchroncus machines of 
eller wound-Tield pr PM сат обмани. 

Lets henting Лап ather types af synehramius meters. 

Simpler than phase-Int drives 


These tys Maye low rotor Ућатгла! capacities fo gauge Ene heal tse, at takes abou? ZUDW 








selection and Application Factors 


Select for sale operation wilh acceptable регате пыз 

Сзесі operating conditions for abrupt starts о Peversala mhith can 
бетке PM heids. 

Check for attitude e emerünmental affects oa Пан, ақына over 
16,000 RPM. 

High stall curreats ara drawn in eAicient ex р power meters. 

Lew-oul pul -imped neg eectrenic control required to џи іліңгені! 
maton damping. 


Suitable for dieci -drive, wadeband, high-accuracy mechanical control. 
Similar wide-anghe bzushlast taehometers ажаан. 
Requires high-pomer driving ара. 


НІН ditat coupling to load prelatai. 
РАМ x mp preferred foe hiph roni rnt power. 


Recommended for iow cogging. dew starting vollagu, fart responsa 
applications. 

Rolo agit wp quickly. 

Thermal transients and haat removal can be imperlani factors. 

Large, ће mance unns can be гіт ей. 

Low ктт inductance permita commutation of wary high current 
npe. 


Care requiied ia оси, 

Регіна тсе depender on pactione dire circuitry. 

Heal dittipalion 3 possible problem. 

M ет ија agita rales тезата can кеш which reduce kad-handiing 
capability. 

Load ігегііз reduces рам mance. 

Friction caa improve damping. 

Demping, рези and mechanical couplings aequi special као. 


Choose where special ерлігі characteristics ars praleried ear 
ее lency. 

Check for resonances at all puise rates. 

Gearing can require mtra yaleby margins tecauta of impacts inherent in 
Tepper operation, 

Coufling compliences exa help in accelerating Mad іміз, bul addi- 
Тін aad nicer can be introduced- 

[river-carcuil design ін critical, 

Standard drivers available. 


іпуегін can ba separate ог packaged with таны. 

High hne-cifenit sphas. 

EMI penerstion, wiih bulky filter capacities required for seppession, 

SCR inverters pretetted in hipher power uses, hut Eransistoc inverters are 
baser 1a swilch and more међе. 

Power-supply capacitors can de tequired and musi withstand supply 
transients, 





Elirenics can be packaged егістен Пу i wilhin mola housing 
High peak line purenta 

Bulky Пеи ПІ мінін ЕГ EMI 15 3 problem 

Pemer sappy capaciters could be гедшігі. 

Wilh properly designed electronics. dite із limrled orty by bearings. 
Tesi peratutes caa те] limuls tà some Соо пашта от Sener, 


Ойы design; good proven nits generally ама да 

Fer eriticaE applications, use tachometer damping because inheren 
damping із unreliable and network damping difficult [p айд, 

Hequited 30" phase shift is best supplied by Ке contiol amp. 

Main feld-cagaciter phase shift only conuenent |n very small molor, 

Maia ireti parer keeps units hat even mhile idling 


High effichenties im рова! for compuler apolicebions 

Low power lacters lead to high input curienis. 

Higher power actors available in single-phase capacitor versions, 
Sensitive ko inpul Һет ойле. 

Can accelerate high-tnentia jtads 

Dnes nei nave a orederced syncheonizaTian angle. 


lodaise [he temperature nf à [- № аиташга by EC in D BFE Ober нце can be шаш 


proportioned 


(Reprinted from "Motor Comparison Chart,” EON, August 5, 1978, pages 97-99, courtesy EDN.) 
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POWER CONSUMPTION OF ELECTRICAL EQUIPMENT 


Device Average Rating (Waits) 


Air Cleaner ........... ҚАЗ a НИ Ри me іі 50 
Air Conditioner (room) .. ip ee er ee БЕРЕР 
ыз D apr M RR ӨР mme 7 ни ИНОНИ с: 
ido. RR > И 1.450 
Carving Knife ..... ов ОНИ 100 
Clock . —————————— 2 
Clothes Dryer МГК —_„__" ЛҮ Y OE aes civ one ст 
ШАШЫ КИПР? E E S aiti и EISE ee E E E ОРГОН 900 
ПОМЕНА ЈГ a и ан Ри E MS 1,450 
Елу қал i стр E ——Á и ТЕ ан 250 
Lid, loo ——-————— — P !— Án 1,200 
CREE EIUMOD Ж ҮҮТ Г ГҮ Г Г ci quate ami lee Debt mm 175 
Fan: 

с... i Бан дынЕнан бы 370 

D! ll ———————— ы ee ee 290 

window ................. EREBE EERE RE ee RE МӘ 
EBI EERE И Ea 300 
Freezer: 

uu: MA wisi: m mi a e м 340 

ENE о MIB. en en oe е ен дал НИ 440 
DI Fd Л КҮ Г E Л Т Г Л Т Т А: 
РАЕС Аз ш ШҮЛҮК ce or DENN reese ар 1,320 
FARRIS ЯНИ вели OE тама НИ 4 65 
О ИН НА 
re ИАС eA 
ПРАТО АЛИ, Тү, И. О O gS 
пе Uys n ос br RN TT T TOLLERE T ПИ RR EI S 
MIRO? ............... Memo a СЕНЕ 
Oil Burner (stoker) . pmo DOE DEEDES EERSTE e ns SS 
Aadio ........ аты О ЛЕ ТАЖ ANE пари s MR АГ 70 
Radio /Record Player ce RAE NE 
circ». dcbct MCN ПОВ 
қадалады; 

(frostlass, 12 си. A). алем Tan CTE eee REE ee ВРВ 
Refrigerator /Freezer: 

(frostless, 14 си, m" —— M €—— M ——— aA OS 
Roastaf ...................... КИТТЕК.” ее а о НЕЗ Mat 1,300 
Feil ee) || ee liil сты и ИМ АРЫ 
ШИИ OM fel eee aai ПИ Тыны 75 
Television: 

black and white: 

ИИ) Sanonta Г ГГ Г ГГ ГГ Г ГҮ Г 1БО 

udo F———— T———— P AP 55 

color TV: 

PCRS tociens iib ccce tmp icis 300 

EBD EORR, octies E TNC need AEE, MENU 
NH; c RETI карайы ЕУ 1,150 
ТИК АШ cr rp c NEN 400 
V Oo рз стр. _, =. оси E nmm Сағ айы тыға сан us s SEITE eer futs 630 
guy ИВ РР i И el НИ Sn 1,100 
Washing Machine: 

АД: с ИТ сатады Тк _ + 

зы Tei + ИЕ М Tt 280 
VYGIS ПГЇвёр©Об®Өг uuu cecinere tern creen —— nRáÀÀ M MÀ 440 
Water Heater: 

lupo. ————————— AQ YR. c 

quick recovery ............ SPO ВИК AMEN нара таван отаға ы. c cdd ath 4,475 
rc Ago fM cU ШЕ Чү: NR RT 460 
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NOMOGRAM RELATING AMPLITUDE, FREQUENCY, AND ACCELERATION OF A BODY WITH SIMPLE HARMONIC MOTION 
This nomogram is based on the formula 











а = 0.10225 (а) (fj? 


where 
g — acceleration in g-units 
f — frequency of vibration in cps 
а = amplitude of vibration (peak displacement each side of resting point) in inches 


FOR EXAMPLE: A vibrating body with a displacement of 0.01 in. each side of center at 200 Hz, has an 
acceleration of 40 g's. 

NOTE: To find the acceleration in a rotating body resulting from centrifugal force, substitute radius of rotation 
for amplitude (4), and revolutions per second for vibrations per second (7). g = 32 В /sec /sec in the MKS 
system of units. 


а = 0.10225 {4}({12 


f= FREQUENCY (Hz) 
ACCELERATION(g UNITS] 


£ 
= 
© 
E 
* | 
СС 
m 
>= 
LL. l- 
13 T 
ш 
£1 
— 
is 
=! 
a, 
= 
uf 
v 
= 
Lu 
EE 
| 
© 








382 


SHOCK DECELERATION NOMDGRAM 


This nomogram relates deceleration (С load), stopping distance, and drop height as an aid to designers and 
engineers who must deal with problems of shock caused by violent or sudden deceleration. 

The equation used to plot the nomograph is log С = log g + log Н — tog D. Relating deceleration (С 
load), stopping distance, and drop height, it is based on the following relationships: 


A= gi To 

р= GT’? fo 

у = gt 

у = Gt ГР 
where: 


H = free-fall distance 
п = acceleration due to free fall 
{= free-fall time 
D = stopping or deflection distance 
а = G load due to impact shock 
t' = deceleration time 
У = terrninal velocity due to free fall at instant of impact 


| 
V, = initial deceleration velocity at instant of impact 


since at the moment of impact the terminal velocity (V, ) caused by acceleration is equal to the initial velocity 
(¥), it follows that: 


gt = СР 
Combining the equations: 


gt* {2 
ШІ = = Ma f 
d CS (t) 





Since gf = НЮ = t/t'. Also, since G/g = t/t; H/D = G/g. Transposing, G = g(H/Di)orlog G = log 
g + log H — log D. This equation is based on a constant or uniformly decelerating force. For linear deceleration 
the equation for load distance relationship is: G = 2gH/D. 

Neither formula includes the stopping distance as part of the distance traveled because its effect is negligible 
for smali values of stopping distance (D). 

FOR EXAMPLE: 1. Find the G load on a shock-mounted case that endures a 30-in. drop height with a 
maximum mount deflection of 0.4 in. Assume a rigid case and uniform deceleration in the mount. 

ANSWER: Intersect impact shock (G) scale with a line connecting the 30-in. drop height with 0.4 in, on the 
absorber deflection scale. Read answer off impact shock scale. In this example, it is 73G. 

2. Find the impact shock on a piece of equipment that is dropped 20 in. on expanded rubber foam gasket. 
The foam is compressed a total of 0.1 in. and is assumed to have a linear deceleration characteristic. 

ANSWER: Intersect the impact shock (б) scale with a line connecting the 20-in. drop height with 0,1 in. on the 
absorber deflection scale. Since peak impact shock (G) load due to linear deceleration is approximately twice as 
severe as that due to uniform deceleration, the value of 200 G obtained is multiplied by 2 for linear deflection. 
Answer is 400G. 
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eo 2 
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DROP HEIGHT (Hy freefall 


0,04 
0,03 


STOPPING DISTANCE (D) «absorbed deflection 


0,02 


0,01 
0.008 
0.005 


0.004 


0.002 





0,001 
с- 5 
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where Gx] For linear deceleration multiply Сђу 2 
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AIR-COOLING NOMOGRAM 


For a given power dissipation and air density, this nomogram solves for the air flow (cubic feet per minute) that is 
required to keep the temperature rise of an equipment at a specified value. At sea level (760 mm Hg), O°C, and an 
air density of 0.079 Ib /R *, the temperature rise is approximately equal to 3,000 P/Q, where Pis power dissipation 
in kilowatts and @ is the air flow in cubic feet per minute. 

To use the nomogram first determine the ambient temperature and altitude at which the equipment must 
operate and note from the graph the applicable air density for these conditions. On the потодгат align the 
permissible temperature rise with the equipment s power dissipation and note the intersect point on the turning 
scale. Align this point with the applicable air density and read required air flow in cubic feet per minute on scale В. 

FOR EXAMPLE: To operate an equipment with a power consumption of 500 W at sea level, an ambient 
temperature of 20°C, and a permissible heat rise of 15°C, requires an air flow of 50 ft? /min. 


APPLICABLE 
AIR DENSITY 
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Name and Symbol 


Cadmam..... .. 


Cami m 


Calcium .. 


Canum , 
Cnronsum 
Сәлім 
Cay тусау 
jape Motum i 
ено 
Erum 
баапойгчшгт1 
Gallium 
[а еттй Гат: 
Dof 
| reum 
Indiam 
Irem 
LENTA T 
каз бүт 
Шыт 
а тиши т 
Mg res Ret 
M rity 
Mol tetera 
Ao АШ 
hacked 
Мориш 
Dary 
Pallackum, 
Бінігшіті ..., 
Pointu .. 


eee‏ اللا ر 


METALLIC ELEMENTS 


AAU. и a, 


HEAT .і...... 


Быны... 


Нва, ....... 
апталы... 
Scarch rim, . 
би, |. 
Frum 
Баш 
Тагт... 
Тај ут 
Тағат 
Тани... 
Тот 


оррор 0000рр0 ров ED 


ШБ == 


МЕТТЕР 


РЕТТЕ. 





Color 





Тіпті 
Вам. 
Sei -дгиу 
Piniash-grey 
Saher =the 
Peseta 


Tinh ie 
Tub Br -w[uiB 
таст 
Grey 
Grey 
ТГ 


Red 


Бяд мату 
Biogh -mtua 
Та 
Уу а 
Ена wale 
Cay асва 
Сету 
Biz 
Tare читы 
hy es 
Поа гу 
Валута 
баз wel 
Bleb рту 
Biu т-ты 
петина 


Sik êr whites 


Та-бу 
Шігін-мізіз 


Specific 


Gravity 


ты 
0 559-0 ge 
175 
ЕШ 
Та 554 
BEG 
TU 
pu 
Iz 1 
02.5 
114 
2185 
0875 
65 
12 1 
152 
та 204 
ТТ 
T0 4.70.57 
a 
25 
Té b 
525 
118 
112 


TEM 
14 
19 122 
1в 33 
559 


35 
TAM 


Specific 





Malting- 
Heat point 
(^ Celsius) 


Coefficient 
af Linear 
Expansion 


| 


ЗЕЕ А] ag 





(Reprinted from Master Handbook of Electronic Tables а Formulas by Marlin Clifford, courtesy TAB BOOKS, Inc.) 


DENSITIES OF SOLIDS AND LIQUIDS IN CUBIC CENTIMETERS AND CUBIC FEET 


ALTIUM E g. per cub. ст. 1.61.1 16, per cub. ft. 
Соррев........................... А.0 0. рег cub. ст. S554 Ib. per cub. ft. 
Gold eese 19,3 0. per cub. ст. — 1205.0 16. рег cub. It. 


Platinum... aes E 9. per сир. cm. 1,342 2 lb. per cub. В. 
баа Viatm ues. 1.025 0. per cub. сіп, 04.016. per cub. ft. 
“ағ... 10.5 9. per cub. ст. 655.5 Ib. par cub. Њ 


[£8 ee 0.8187 ру. рег cub. cm. 57.2 Ib. per cub. fL ro m M т; 7.18 g. per cub. ст. 448. |р. por cub. tt. 
[Me sienten P B7 9, per cub. cm. 497.9 Ib. par cub. fi. Tungsten.......................18.8 g. per cub. cm. 1,161.2 Ib. per cub. М. 
вад. 1.0 2. prr cub cm. — 685.7 1b. per cub. ft. Uranium... ЛЕЛ б. рет сий. ст. 1,167.4 №, per cub. ft. 
Marcury........ reise cue ИЕ 13.596 g. per cub. ст. 848.7 Ib. per cub. ft. Lii i Mee Pn MED" 1.000 g. per cub. ст. 62.4 Ib. per cub. fL 


МАСОН љиљана на BO g. per cub. ст. — 548.4 Ib. per cub. It. ШП amm ra oom ctn 7.18 9. рег сиб. ст. 448.8 Ib. рес cub. fL 
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SOLDER ALLOYS 


The term solder alloys covers a broad range of materials with greatest emphasis placed on compositions of tin and 
lead. The tin lead system of alloys has a general solidus temperature of 361 °F, The eutectic composition, the alloy 
with a single sharp melting point and no plastic range, is 63% tin, 37% lead. This alloy is in widest use in the 
electronic industry. 

The specific tin lead alloy selected is determined by the nature of the joining operation and the degree to 
which a plastic or “mushy” solder state can be tolerated or is desirable. Tin lead alloys with a tin content from 20% 
up through and including 97.5% have the same 361 °F solidus line. Alloys containing lower percentages of tin have 
an increased solidus temperature. This is also true of tin antimony, tin silver, and lead silver alloys. The higher 
solidus line permits operation of the soldered part in higher ambient temperatures. It also permits sequential or 
piggy-back soldering. Where two soldering connections аге to be made in areas very close to each other, the first 
joint can be made with one of the high-temperature alloys. When the second joint is made with an alloy in the 
normal tin lead system, the first joint will not be disturbed. 


| Solder Alloy Chart - " 


Temperature Temperatura 


at which nt wich 
Solder Solder 

Becomes басота 
Plastic Liguid 


Percent Parcont Percent Percent 
Tin мині) Siver Antimony 


200-100 С n 61 


er "E on ac 





5 95 300 572 315 599 
10 90 2675 514 300 S72 
15 85 223 433 200 55 
20 BO 183 381 280 536 
25 75 iB3 — 361 267 613 
30 70 183. 361 255 491 
35 65 183 381 245 473 
40 60 183 361 235 455 
45 55 iB3 mi 223 ала 
50 50 Ва 261 212 414 
55 45 183 361 200 397 
60 40 182 251 188 — 372 
53 37 eutectic alloy? 183 361 
B5 35 183 361 186 367 
70 30 183 361 191 376 
75 2h i83 361 105 — 283 
80 20 i183 381 201 394 
B5 15 183 261 207 404 
90 10 181 361 214 417 
05 5 ва 381 222 432 
97 5 2,5 183 361 227 441 
100 о 232 460 
35 63 2 187 369 237 459 Рагсеп+афа = мы 
20 78.7 1.3 181 359 28 | 529 ко зо 902 70 63 ж Гг н 0 


27 70 3 178 352 253 487 799 | 
85 5 305 581 360 БН) 
TA putactic alloy is that composition of two or more matals that has 500 -ідші егесін 
one sharp melting point and ла plastic range, я Lame fa € 
: les БЕ 


ld тікі 
zglution 


981 re 


3 3 


ы 
ce 


Tin зона 
зам оп 


ru 
= 


Tempercture degrees fghranheit 
"NL 
m 





ашалар fhe binay 


Eutectic 


100 


ü 10 eu за М 50 Бо TO ЕО 90 159 
Parcentoga lead {by weighr! 
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TRACK WIDTH DF PRINTED WIRING BOARDS 2 


The two graphs are used to determine the current-carrying capacity and sizes of etched copper conductors 
(tracks) for various temperature rises above ambient. To use the charts, enter the top сһап from the left at the 
current value which is anticipated, to the point where it interrupts the applicable copper temperature-rise curve. 
Then, proceed vertically down to the second chart to the appropriate weight (the weight of one square foot of 
copper of a given thickness) slanted line, and proceed left to determine the minimum track width. 

FOR EXAMPLE: To carry 10 amperes and not exceed a 20°C rise above ambient requires a 0.100-inch wide 
conduct of 2-ounce copper track. 
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CONDUCTOR THICKNESS AND WIDTH 
“Based on 1/16 inch boards. For thicker boards, derate by 15%. 
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DEFINED VALUES AND PHYSICAL CONSTANTS 


A consistent set of physical values has been adapted by the National Bureau of Standards. The values presented 
below are at least as accurate as any others available, and have the advantage of being self-consistent, thus 
preventing the necessity of having to make a choice between dilferent answers derived in different ways. 





Fundamental Constants 





Campiled by E, R. Cohen and B. N. Taylor under the auspices of the CODATA Task Group on Fundamental Constants, This 
set has been officially adopted by CODATA and is taken from J. Phys. Chem. Ref. Data, Vol, 2, Мо, 4, p, 663 (1973) and 
CODATA Bulletin Ма, 11 (December 1973). 


Quantity Symbol Numerics! Value * — Uncert. (ppm) Sl? == Units -> cert | 
| Speed of light in vacuum с 299792458(1.2) 0.004 meat 10? gms! 
| Permeability of vacuum Но 4 107! Hım“! 
| —12.5663706144 10! Hem! 
Permittivity of vacuum, 4 8.854187818(71) 0008 ІС" Fem! 
Уа с 
Fine-structure constant, a 7.2973506(60) 0.82 10-1 ig? 
[и 27 / 4a] (ethic) а‘ 137.03604(11) 0.82 
Elementary charge е 1,6021892(46) 2.9 io" С 10* amu 
4,803242(14) 2.9 10718 esu 
| Planck constant h 6.626175(35) 5.4 10-24 1-5 10727 ergs 
| n-—h/2s 1,054588 7(57) 5.4 10:34 js 10737 erg-s 
Avogadro constant М, 5.022045(31) 5.1 10H тог! 101! mol"! 
Atomic mass unit, Т 1.6605555(86) ral 10-27 kg 1071! g 
10-3kg-mol1N,-! 
Electron rest mass m. | 9.109534(47) 5.1 1073! kg 10°14 g 
5.485B026(21) 0.38 iOi и 10-4 u 
Proton rest mass m, 1.6726485 (86) 5.1 10-7 kg 10-14 g 
1.007275470(11) u u 
Ratio of proton mass to mf, 1836.15152(70) 0.38 
electron mass 
Neutron rest mass т, 1.6749543(86) 5.1 10777 kg 10°74 Е 
1.008665012(37) 0.037 u и 
Electron charge to mass ratio e/m, 1.75ВВ047(49) 2.8 101 C.kg 107 ети! 
| 5.272764(15) 2.8 1011 esu.gr! 
Magnetic flux quantum, Ф, 2.0678506(54) 2.6 107: Wh 1077 бесті? 
[c] !(hc/2«) h/e 4.135701(11) 2.6 1015 3.5.61 10! arges егп! 
1,3785215(36) 2.6 10-11 arp sesu) 
| Josephson frequency- 2e/h 4.835535(13) 2,6 1014 Н.У! 
voltage ratio 
Quantum of circulation h/2m, 3.6369455(60) 1.6 107+ Је. Кр! “Ж! 
h/m, 7.273891(12) ШЕРІ kg! erg: sg! 
| Faraday constant, N,« F 9.БАВ456(27) 2.8 104 C-mon)? 101 emu:mol*! 
2.8925342(82) 2.8 1014 ауто!) 
Rydberg constant, R- 1.097373177183) 0,025 10° m^ IO5 crm! 
[а ст Ву] (m, etA rhe) 
| Bohr radius, 8, 5.2917706(44) 0.82 irt! m 107" ст 
[аас / An] (I? /m,e*)-a/4«R, 
Classical electron radius, =a 2.817338070) 2.5 10-1 m 1013 ст 
[u,c*/4s](e? /т c1) a AnA 
Thomson cross section, Ta 0.665244B(33) 4.9 10°74 mt 10714 emt 
(B/3)nr,! 
Free electron g-factor, or Е /2—p Ри 1.0011596567(35) 0.0035 


electron magnetic moment 
їп Bohr magnetons 
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Quentity — 

Free muon g-factor, or 
muon magnetic moment in 
units of [c])(eh / 2m ye) 

Bohr magneton, [c](eh /2m. c) 
Flectron magnetic moment 
Gyromagnetic ratio of 
protons in Н„О 

+, Corrected for 
diamagnetism of H,O 
Magnetic moment of protons 
it НО in Bohr magnatons 


Proton magnetic moment 


lin Bohr magnetons 


Ratio of electron and proton 
miagnetic moments 


| Proton magnetic moment 


| Magnetic moment of protons 
| in НО in nuclear magnetons 


aye corrected for 


diamagnetism of Н,О 
Nuclear magneton, 

Іс (en / 2m,c] 

Ratio of muon and proton 
magnetic moments 


Muon magnetic moment 


| Ratio of muon mass ta 


| electron mass 


Muon rest mass 


Compton wavelangth of the 
electron, A/m,c=al/2R, 


Compton wavelength of the 
proton, h/m,c 


Compton wavelength of the 


neutron, h/m,c 
Molar volume of 


ideal gas at s.t.p. 


Molar gas constant, У p, /T, 
(T,22/3.15 К; p,z101325 
Ра = Јат) 

Boltzmann constant, В/М, 


| Stefan-Boltzmann constant, 


| 


пік GONIC 

First radiation constant, 
hE 

Second radiation constant, 
hc/k 

Gravitational constant 


Ratio, kx-unit to Angstrom, 
AACA) AAC KRU): 


A(CuKa,) =1.53 7400 KX LU 
Ratio, А? to angstrom, 
ААА”); 

A(WKa,)=0.2090100 А“ 


390 


Symbol 


g,/2 


Ha 
He 
Y. 
Y Ен 
Pr 
Yol 2n 
Шағын 
шығын 


тај ти 


Hy 
IT pn, 


tpt Hs, 
Er 
nula, 


Ба 


m, IT, 


AG 
= А! гп=ава 


Aer 


Хор реп 
Асы 

Хе. А 2 
У 


m 


R 


ep 


1.00116616(31) 


9.274078(36) 
9.284832(36) 


2.6751301(25) 
4.257602(12) 


2.6751987(75) 
4.257711(12) 


1.52099322(10) 
1.521032209(16) 
658.21 06880(66) 


1.410617 1{55) 
2.7927740(11) 


2.7928456(11) 
5.050824(20) 
3.1833402(72) 


4,4904 74118) 
206, 76865(47) 


1.883566(11) 
0.11342920(26) 


2.4263089(40) 
3.8615905(54) 


1.3214099(22) 
2.1030892(36) 
1.3195909(22) 
2.1001941(35) 

22.41383(70) 


8.31441(26) 
8.20568(26) 


1.380562(44) 
5.67032{71) 


3.741832(20) 
1.438786(45) 
Б.5720(41) 
1.0020772(54) 


1.0000205 (56) 


Numerical Value * Uncart. (ppm 


0,31 


ал 
3.9 
2.8 
2.8 


“В 
2.8 


0.066 


0.011 


0,010 


3.9 
0.38 


3.9 


= 
ш 


ш‏ دم 
шш‏ 


ee NUS 0 
IM У C OB шш 


ы 
к= 


31 
31 


32 


125 


5.4 


31 


615 


5.3 


5.6 


Sit a Units > сїт i 
10-14 J.T-) 10711 erg:G^ 
10728 JT! 10-11 erg-G^! 
105 g- T- 15 shg- 
10! Hz.T^' 10! Hz 
10" s-,T-! 104 &-!.б-! 
107 HzT^! 103 Н2:6-1 
107 107' 

tr 101 

1031 рт! 10-11 ага: ба"! 
1071" АТ: 101% erg G! 
IF LT. 10-11 arg-G-! 
10715 kg 1075 g 
и u 
10711 m 1071 ст 
10-13 m 1071 ст 
10-12 m 10711 ет 
igi? m 10-14 em 
107: m 10-11 cm 
1076 m 10-14 ст 


10-3 што! 


nol eK! 
10-5 mratm moi Kr! 


10733 nk 
1078 W-m K- 


10-15 Wem 
1072 mK 


1071 1 mi gł ket 


10* ¢m!-mol! 


107 erg- mol K^! 
10 сга? аўт» то". К! 


10719 erg. К! 
10-5 ergss-licmo7: K-* 


1073 erg.cem?. 5"! 
cm. K 


10-5 emis nug! 


ENERGY CONVERSION FACTORS AND EQUIVALENTS 


Quantity Symbol Numerical Value * Units Uncert. (ppm) 
| kilogram (kgsc?) &,9875517B85(72) 4015 | 0.008 
5.609545(16) 10?3 MeV 2.9 
1 Atomic mass unit (шес?) 1.492441 8(77} 19J 5.1 
931.5016(26) Mey 2.6 
1 Electron mass m,.'c?) 8.187241(42) lg 3 J 5.1 
| 0.5110034(14) May 2.8 
1 Muon mass (тс?) 1,6928648(96) Joe Ј 5.6 
105.65948(35) Mey 3.3 
1 Proton mass (m +c") 1.5033015(77) ШЕ al 5.1 
938.2796(27) Мем 2.8 
1 Neutron mass (т, c=} 1.5053 738(78} fer’ J 5.1 
939.5731427) Меу 2.8 
| 1 Electron volt 1.6021892(46) 10-19 J 2,9 
| 1071? erg 2.9 
Levin 2.4179696(63) 101“ Hz 2.6 
l eV/nc 8.055479(21) 105 т": 2.5 
103 ст“: 2.6 
l eV/k 1.160450(35) ин К 31 
Yoltage- wavelength 1.986478(11) 10 5 Jem 4.4 
conversian, hc 1.2398520(32) 10-7 ey «m 2.5 
10 ест 2.6 
Rydberg constant R he 2.179907(12) I18 J 5.4 
10-11 arg 5.4 
13.605804 (35) ev 2.6 
В „с 3.28984200(25) 10!5 Hz 0.075 
R hezk 1.578885(49) 105 К 31 
Bohr magneton Hn 9.274078(36) 1072: дет: 3.9 
5.7883785(85) 10-5 ewvT! 1.6 
на/В 1.3996123(39) 10:* Hz T^ 2.8 
uy C 46.68604(13) пат 2.8 
10-1 сп? ТТ! 2.8 
TTE! 0,671712121) K.-T"! 3: 
Nuclear magneton Hx 2.505824 (20) 1027 Jet! 3.9 
3.1524515(53) 10-я eT) 1.7 
us Zh 7.622532(22) 10! нет“! 2. 
us fhe 2. 5425030(72) 10-2 mrHT^i 2.8 
10r! em 5 Т 2.8 
pik 3.65826(12) 10% KT! 31 





* Мота that the numbers in parentheses are the one standard-devistion uncertainties in the last digits of tha quoted value computed on the] 
ba*is of internal consistency, thal the unilied atomic mass scale 2205212 Баз been used throughout, that u=atomic mats unit, С=еошотб, 
Е-Фағад, G-gauss, Hohenry, Hrshertz=cycle/s. J—joule, K—kelvin (degree Kelvin}, Pa-pascal—Nem-:, Тайезіһ (104 б), Vovolt, 'Wb—webar— 
Term, and Wowatt in cases where formulas for constants are given (eg. Al). the relations sre written ая tha product of two factors. The 
jeecond factor. in parentheses, ıs the azpreasign to be used when all quantities аға expressed in сиз units, with the electron charge іп alaciro- 
static units. The first factor, in brackets, is to be included only if al! quantities are expressed in Sl units. We remind the reader that with the 
exceplion af the suxiliary conslanis which have been taken to be exact, tha uncertainties of these constants are correlated, and therefore thal 
апага! law of error propagation must be used in calculating additional quantities requiring two ог more cf these constants. 

f Quantities given in и and aim are for the convenience of the гевдаг; thasa units are not part of the international System of Units (SI). 


tin order 10 avoid separate columns for "electromagnatic'" and “electrostatic” units, both are given under the alngie heading "сыз Units." 
When using these unite tha elementary charge тіл the second column should ba understood to be replaced by в, OFT respectively. 
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APPROXIMATE CAPACITANCE OF CONDUCTORS lo — — 


Material 
Spacing (in.) XXXP | Melamine 





APPROXIMATE RESISTANCE OF CONDUCTORS (ohms/inch) _ 
Based on 100% conductivity of copper at 20°C 


0.000503 
R = ра for 1 ounce copper 


0.000226 


R = = for 2 ounce copper 


0.000135 


Hz = и for 3 ounce copper 


conductor width in inches 


£ 
|| 


VELOCITY OF SOUND IN SOLIDS, GASES, АМО LIQUIDS 


Velocity of Sounds in Solids 


Velocity к RIPEN 
ес] Medium lt tke] 


Aluminum 17,19? Magnesium 16.079 
Brass 11,271 Nickel 15,615 
Cadmiurn 7, 874 Quarts Glass 17,616 
Copper 11,745 Silver 8,661 
Cork 1.540 Steel 16,568 
iron 16,962 Tin 5,957 


Velocity of Sound in Gases at ас | 


Medium Бүт. Velocity (ft/secl 


Air 1,087 
Ammonia NH; 1.361 
Argon А 1,046 
Carbon Monoxide co 1,706 
Carbon Dioxide CO, ВАТ {above 100 Hzl 
Chlorine GL 674 
Ethylene Сана 1,040 
Helium He 3.182 
Hydrogen Ha 4,166 
Матћате Сн, 1,417 
Menon 1,427 
Nitric Oxide NO 1,056 
Nitrous Oxide 859 
Nitrogen | 1.096 
Oxygen > 7.041 


Маи 


Velocity of Sounds in Liquids 


Айтат ud is пне Velocity ffrAec! 
Watar (fresh! 17 4,591 
Water [sea] 15 4,937 
Aleohal [ау] 20 3,838 
Benzene 20 4,330 
Ether lethyl} 20 3,313 
Glycerin 20 6,288 
Mercury 20 4,757 





382 


RELAY CONTACT CODE mii | 
This is the letter code adapted by the American Standards Association and by the National Association of Relay 


Manufacturers to describe relay contacts. 


Other standard 
contact symbols 










| IEC. JIC and 
NMTBA symbol 





Other 
ТЕС symbols 


*LETTER ABBREVIATIONS 


CLOSED 
DOUBLE 
MAKE 

‚ NORMALLY 
ОРЕМ 
POLE 
SINGLE 
THROW 


B: 
С: 
D: 
М: 
H 

0: 
P: 
5; 
Т: 


EXAMPLE: SF 5T HC DB is reod os Single Pole, Single Throw, 
Mermally Closed, Double Break 
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CONTACT CONTACT 
CONFIGURATION CONFIGURATION 


— TER 


SP ST HC" 


BREAK 
MAKE 


рап5 ћи ) 


НАКЕ.ВЕРОРЕ | | DOUBLE MAKE 
BREAK | CONTACT ON 


(continuity trongler} | ARMATURE 


BREAK DOUBLE BREAK 
MAKE-BEFORE CONTACT ON 
BREAK | ARMATURE 


DOUBLE SREAK 
DOUBLE MAKE 


CONTACT ON | 
ARMATURE ما | شم‎ 


DOUBLE MAKE c + | + - 


SP ST NÛ DM 


DOUBLE BREAK 
SP ST MC ОВ” 


DOUBLE BREAK 
DOUBLE MAKE 


SP $7 DB" 
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HEAT-SINK THERMAL RESISTANCE CHART 


Heat-sink thermal resistance can be determined with the accompanying chart. Values determined graphically are 
not as accurate as those found from thermal equations but are precise enough for most applications. To find 
thermal resistance, draw a vertical line from the scale for surface area to the scales for materials and read the 
corresponding thermal resistance. For example, а З /16-in.-thick piece of horizontally mounted copper with a 
surface area of 15 іп. has a thermal resistance of approximately 4.190 №. And a 3/32-in.-thick piece of 
vertically mounted copper with a surface агаа of 25 in. has a thermal resistance of approximately 3.19 C /W. Note 
that vertical heatsinks have lower thermal resistances than horizontal sinks because convection provides 


increased heat dissipation. 


Total Surface Area (in.?) 


15 20 2530 40 5060 80 


Thickness 
бп.) 


Thermal Resistance | САЛ 


Harizontal 
Mounting 
Copper 


Vertical 
Mounting 


Horizontal 
Mounting 


Aluminum 
Heat sink 


Vertical 
Mounting 


Mounting clamps \ 
с 


Compression dis 


Compression-disc semiconductors 


Spring washer 
| 


- Heal sink 





Stud-mounted semiconductors 


FOREIGN VOLTAGE GUIDE 


Following is an up-to-date guide to predominant electric voltages in foreign countries. In general, all references to 
110 V apply to the range from 110 V to 160 V. References to 220 V apply to the range from 200 V to 260 V. Where 





110/220 V is indicated, voltage varies within the country, depending on location. 


Aden 
Afghanistan 
Algeria 
Angola 
Anguilla 


‘Antigua 
+ Argentina 


Aruba 


tt Australia 
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-Austris 


Azores 
Bahamas 
Bahrain 
Bangladesh 
Barbados 
Belgium 
Bermuda 
Bhutan 
Bolivia 
Bonaire 


• Botswana 
t Brazil 


Brit. Honduras 
Brit. Virgin І. 
Bulgaria 
Burma 
Burundi 
Cambodia 
Camaroon 
Cansda 
Canal Zone 
Canary |. 
Cayman i. 


Cen. African Rep. 


Chad 


* Channel l. (Brit) 
* Chile 
t China 


Colombia 
Costa Hica 
Cuba 
Curacao 


"Cyprus 


Crechoslovakia 
Dahomey 


Denmark 


220У 
220“ 
1101220, 
220У 
220у 
110/220У 
220У 
110% 
220У 
220У 
110/220У 
110/220V 
220\/ 
220У 
110/220У 
110/220У 
1t0/220V 
220У 
110/220V 
110/220V 
220V 
110/220V 
110/220V 
110/220V 
1107220V 
220V 
220У 
110/220V 
110/220V 
1 10V 
110/220У 
110/220V 
110У 
220У 
220у 
220У 
220% 
220% 
110% 
110/220V 
110У 
110У 
220м 
110/220У 
220У 
220У 


Dominica 


Dominican Пер. 


Ecuador 
Egypt 
EI Salvador 
Ethiopia 
Е 
Finland 
France 
French Guiana 
Gabon 
Gambia 


-t Germany 


Ghana 
Gibraltar 
* Great Britain 
t Greece 
Greenland 
* Grenada 
Grenadines 
"Guadeloupe 
Guatemala 
Guineas 
Guyana 
Haiti 
Honduras 
* Hong Kong 
Hungary 
Iceland 
t India 
indonesia 
iran 
iraq 
"Ireland 
Isle of Man 
Israel 
Haly 
Ivory Coast 
"Jamaica 
Japan 
Jordan 
*Kenys 
Korea 
Kuwait 
Laos 


Lebanon 


220У 
110/220V 
110/220V 
110/220V 
110% 
110 220% 
220% 
220% 
110/220У 
140/220у 
220У 
220У 
110/220v 
220У 
220У 
220¥ 
1107/2 20V 
220У 
220% 
220%“ 
110/220V 
110/220V 
2г0\ 
110/220У 
110/220V 
110/220У 
220V 
220У 
220У 
220У 
110/220V 
2203 
220У 
220У 
220У 
220У 
110/220У 
220У 
110/220У 
1 10V 
220v 
220У 
110У 
220У 
110/220У 


.1!0/220V | 





Lesotho 
Liberia 
Libya 
Liechtenstein 
Luxembourg 
Macao 
t Madeira 
Majorca 
Malagasy Rep. 
"Malawi 
"Malaysia 
Mali 
Malta 
Martinique 
Mauritania 
Mexico 
Monaco 
Montserrat 
Morocco 
Mozambique 
Nepal 
*Netheriands 
Meth. Antilles 
“Nevis 
New Caledonia 
New Hebrides 
tNew Zealand 
Nicaragua 
Niger 
* Nigeria 
"Northern Ireland 
Norway 
Okinawa 
Oman 
Pakistan 
Panama 
Papua New Guinea 
* Paraguay 
Peru 
Philippines 
Poland 
Portugal 
Puerto Rico 
Qatar 


* Hhodesia 
Romania 
Rwanda 
Saba 


*Denotes countries in which plugs with 3 square pins are used (in whole or part) 
Countries using dc in certain areas 





220V 
110/220 
110/220V 
220У 
110/220У 
110/220У 
220У 
110У 
220У 
220У 
220У 
110/220У 
220v 
110/220У 
220У 
110/220У 
110/220У 
220У 
110/220У 
220У 
220У 
110/220У 
110/220У 
220У 
220У 
220У 
220У 
110У 
220У 
220У 
220У 
220У 
110У 
220У 
220У 
110У 
220У 
220У 
220У 
110/220V 
220У 
110/220V 
110У 
220V 
220У 
110/220У 
220% 
110/220 





Samoa 
St. Barthelemy 
St. Eustatius 
* St. Kitts 
*St. Lucia 
St. Maarien 
St. Vincent 
Saudi Arabia 
* Scotland 
Senegal 
Seychelles 
Sierra Leone 
* Singapore 
Somalia 
* South Africa 
-Spain 
Sri Lanka (Ceylon) 
Sudan 
Surinam 
Swaziland 
+ Sweden 
Switzerland 
Syria 
Tahiti 
Talwan 
Tanzanis 
Thalland 
Tobago 
Togo 
Tonga 
Trinidad 
Tunisia 
Turkey 
Turks А Caicos i. 
Uganda 
United Arab Emirates 
Upper Volta 
Uruguay 
USA 
USSR 
U.S. Virgin 1. 
Venezuela 
Vietnam 
"Waites 
Yemen 
‘Yugoslavia 
Zaire 
Zambia 


` 110/220۷ 
220% 


110/220У 
220V 
220У 
110/220V 
2209У 
110/220У 
220У 
110% 
220% 
2203 
110/220 
110/220У 
220У 
110/220У 
220У 
220У 
110/220У 
220V 
110/220У 
110/2204 
110/220У 
Ом 
110/220У 
220V 
220У 
110/220У 
110/220V 
220У 
110/220у 
110/220У 
110/220У 
110У 
220V 
220У 
220V 
220% 
110У 
110/220у 
Ом 
110У 
110 /220V 
220% 
220% 
220% 
220% 
20203 


(Reprinted from "Foreign Electricity ls No Deep Dark Secret," courtesy of Franzus Company Inc.) 


iRequires plug with angled blades 
‘Countries with recessed outlets 
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TYPICAL HARDWARE USED IN ELECTRONIC EQUIPMENT 





HEAD TYPES FOR BOLTS AND SCREWS 


-- 


E i 





| у 
Е T . c 
+ ж + Jd € 8 
ROUND FLAT FILLISTER OVAL STRAIGHTSIDE 
BINDING BINDING 
zs! т % т H 
М! | | | | 
= 3 + di t + 
SoU ARE HE X ACOH ret d FLAT FLAT TOP 
BINDING FILLISTER BINDING 


ARE SPECIFIED BETWEEN POINTS INDICATED BY ARROWS. 


H 


жосо MACHINE 


| 


LENGTHS 
SCREW TYPES 











SELF -TAPPING 











SET SCREWS 
=== 
GONE FULL OOS HALF DOE 

RECESSED DRIVES 

SLOT PHILLIPS CLUTCH BRISTO 
WASHERS 

1 o —M 

FLAT LOCK CUP 
HUTS 

HE AGON LOCK 
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COORDINATES FOR EQUALLY SPACED HOLES 


К is sometimes necessary to determine the x and y coordinates of a circle divided into an equal number of parts. 


The following table can be used directly, or it can serve as a crosscheck against answers obtained by normal 
trigonometric methods. 


FOR EXAMPLE: A circle that has a radius of 5.0 cm and contains 4 holes spaced at 90°. Determine the 
distance between their centers. A = 1.4142R = 1,4142 (5.0) = 7.07 cm. 


3 HOLES SPACED 
AT 120° | 
A = 0.8660R 

B = 1.7320R 

С = 1.5000R 


4 HOLES SPACED | 
АТ 90° 
А = 1.41428 


8 HOLES SPACED 
: AT 45° 
| ~ А = 0.5412R 
6 HOLES SPACED ||. "a ____ В = 1.30668 
AT 60° ж | С = 1.8478R 
А = 0.86609 
В = 1.73209 
С = 0.50009 
D = 1.50009 
Е = 2.00008 


16 HOLES SPACEDAT 2214? | 


А = 0.14938 Е = 1,5364 | 
В = 0,4252А Е = 1.8123А | 

ЕС = 0.78579 G = 1.96189 | 
D = 1.17598 


| Я from "Coordinates for Equally Spaced Holes, Design News, September 22, 1975, page 108, courlesy Design| 
| News. | 





A 
Abbreviations, semiconductor, 166- 
170 
Absolute value amplifier, 185 
Acceleration, 266, 299 
gravity, 337 
ÁAcelates, 347 
Acrylics, 347 
Active devices, characteristics, 171 
Acliva filter circuit, 186 
Active notch filter, 186 
Actual power/apparent power, 90 
Advanced licensa, 62 
Aeronautical frequencies, 9 
mobile band, 9 
Air cooling, 385 
Air density, 337-339 
Air flow, 385 
Air traffic control frequencies, 11 
Airspece transmission line, 38, 39 
Alkyds, 349 
Alphabet, international phonetic, 65 
Alternating sine wave, 260 
Alternating square wave, 260 
Altitude, 337-339 
Altitude chart, 337 
AM, 66, 87 
AM radio broadcast frequencies, 5 
Amateur extra license, 62 
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Index 


Amateur operator license, 62 
requirements, 62 
Aminos, 349 
Amplifier 
JFET transistor, 142 
low-end, 107 
negative feedback, 210 
operational, 182 
performance characteristics, 106 
push-pull, 271 
HC-coupied, 107, 110, 111, 113 
Square wave, 106 
Amplifier gain, 212 
Amplifier noise, 80-82 
Amplifiers, classification, 206 
Amplifying tubes, European, 215 
Amplitude modulation, 66-67 
AN nomenclature, 320-323 
Angles, 250 
Angular resolution, 227 
Antenna 
biconical, 33 
biconical horn, 33 
coaxial dipole, 33 
dipole, 33 
folded dipole, 33 
helical, 33 
horn, 33 
microwave, 36 


parabolic, 33 

rhombic, 33 

turnstile, 33 

ув са! full wave loop, 33 
Antenna aperture, 36 
Antenna bandwidth, 32-35 
Antenna effectiveness, 37 
Antenna efficiency, 37 
Antenna gain, 36 
Antenna impedance, 32-35 
Antenna patlem, 32-35 
Antenna polarization, 32-35 
Antenna reference charts, 32-35 
Apparent power, 90 
Appliance wiring, 364 
Appliances, power consumption, 381 
Are resistance, 350 
Areas, 248 
АННЕ мога list, 65 
ASCII code, 371 
Aspect ratio, 22 
Astable multivibrator, 180, 181 
Atmosphere, properties, 337-340 
Atmospheric layers, 340 
Attenuation 

crossover network, 116 

VSWR reduction, 48 
Attenuation factor, 105 
Aitenualion response, 117 


Attenuators, 72-74 

bridged-T, 72-74 

H, 72-74 

lattice, 72-74 

Q, 72-74 

pi, 72-74 

resistive, 72-74 

U, 72-74 
Atto, 233 
Audibility threshoid, 316 
Audio line table, 365 
Automatic gain control amplifier, 186 
Automatic landing systems, 11 
Avalanche diode, 182 
Average velocity, 288 
AWG, 360 
Azimuth, 30 
Azimuth error, 25, 30 


8 

В & 5 gauge, 360 
Back diode, 162 
Backswing, 255 
Balanced two-wire lines, 39 
Bandpass amplifier, 185 
Bandpass filter, 144 
Bands, 5 
Bandwidth, tuned circuit, 114-115 
Baudot code, 369 
Beacon frequencies, 11 
Biconical antenna, 33 
Biconical horn, 33 
Body resistance, 318 
Breakdown, spark gap, 366 
Bridge 

Hay, 158 

Maxwell, 158 

Owen, 158 

shering, 158 

Wheatstone, 158 

Wien, 111, 158 
Bridge circuits, 158 
Bridge voltage doubler, 151 
Bridged H attenuator, 72-74 
Bridged T attenuator, 72-74 
Broadcast antenna, 36 
Broadcast array, 34-35 
Broadcast frequencies, 5 


t 

Cable insulation, 361 
Calcium, 326 
Candlepower, 306, 309, 319 
Candles/square centimeter, 309 
Candles/square foot, 309 
Candies/square inch, 309 
Capacitance, 285 

effective capacitance of, 159 

reactive, 94-97 
Capacitance bridge, 158 
Capacitive coupling, 104 
Capacitive reactance, 94-97 


Capacitors 
ceramic dielectric, 324-325 
color codes, 321 
energy storage, 88, 88 
frequency characteristic, 100 
self-resonant frequency, 93 
values, 79 
Capacity, 374 
KVAR, 92 
Cardioid, 244 
Cascade voltage doubler, 151 
Cascade voltage tripler, 151 
Cascaded amplifier, 219 
risetime, 209 
Cascaded stages, noise figure, 219 
Catenary, 245 
Cathode feedback, 213 
Cathode follower, 212, 214 
circuit, 172 
Cathode ray tube phosphors, 331 
Cellulosics, 347 
Celsius, 351, 354 
Canti, 233 
Centigrade, 351-354 
Cantimetric waves, 5 
Cesium, 326 
Characteristics of active devices, 171 
Charge, 285 
Charge density, 285 
Chassis wiring, color codes, 320 
Chebyshev attenuation response, 117 
Chlorinated polyethers, 347 
Circle, 244, 399 
Circuit components, 372 
Cissoid of Diocles, 245 
Citizen's radio frequencies, 10 
Class A amplifier, 206-207 
Class A insulation, 362 
Class AB amplifier, 206-207 
Class B amplifier, 206-207 
push-pull, 211 
Class B insulation, 362 
Class © amplifier, 206-207 
Class C insulation, 362 
Class F insulation, 362 
Class H insulation, 362 
Class О insulation, 362 
Class 220 C insulation, 362 
Classification of emissions, 66 
Clipped sawtooth wave, 260 
Clipped sine wave, 260 
Clystron wire leads, 320-321 
CML, 190 
Coaxial antenna, 33 
Coaxial cables 
atlenuation, 40 
characteristics, 40 
signal delay, 150 
Cabalt, 326 
Code 
555, 60 


International Morse, 59 
mnemonic, 55-58 
Я. 55-58 
radio telephone, 59 
signal reporting, 60 
SINPO, 60 
Coil design, 83 
single layer, 83-B4 
Colinear array, 35 
Color codes, 260-261 
Color scale, temperatures, 359 
Comb filter, 146-147 
Commercial radio operator license, 
63-64 
requirements, 62 
Соттоп base circuit, 172, 173, 175, 


178 

Common collector circuit, 172-173, 
175-179 

Comrmon emitter circuit, 172-173, 
175-179 


Communication modes, 21 

Complementary silicon controlled rec- 
tifiar, 164-165 

Complementary transistor logic, 190 

Complementary unijunction transistor, 
164-165 

Component color codes, 320-323 

Component MTBF, 222 

Component tolerances, 79 

Component values, preferred, 79 

Concentric transmission line, 38 

Conditional license, 62-64 

Conductance, 374 

Conductivity, 374 

Conductors 

capacitance of, 392 
resistance of, 392 

Cone, 246 

Contidence level, 226 

Constant current source, 183 

Constant K network, 144 

Constant-resistance network, 116 

Constants, 388 

Contacts, 373, 393 

Control marking, foreign equipment, 
375 

Conversion factors, 287-299 

Cooling, 385 

Copper conductors, 388 

Copper wire tables, 360 

Corrosion, 346 

Cosmic rays, 4 

Crossed field devices, color codes, 
322 

Crossover network, 116 

Crystal cuts, 329-330 

Crystal displays, 191 

Crystal oscillator, 185 

Crystals, 327-331 

CSCH, 164-165 
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CTOS, 12 
СТЬ, 190 
Cube roots, 236-237 
Cubes, 238-277 
Cubical parabola, 244 
CUJT, 164 
Current, 285, 374 

density, 285 

motors, 377 
Current injector circuit, 182 
Current mode logic, 190 
Current-to-voltage inverter, 183-185 
Cutoff, waveguide, 46 
Cut-off wavelength, 46 


D 
da, 233 
D/A converter, 186 
dB, 262-263 
dBm, 262-263 
DCTL, 190 
Deca, 233 
Decametric waves, 5 
Decay time, 255 
Deceleration, 286, 386 
Deci, 233 
Decibel conversion, 262-263 
Decibel nomogram, 264-266 
Decimetric waves, 5 
Decimillimetric waves, 5 
Definitions, 192-205 
Delay line, 149 
Density, air, 337-339 
Deviation, 22 
Diac, 164-165 
Diagram symbols, electronic, 370 
Diallyl phthalates, 349 
Dielectric constant, 150, 350, 374 
Dielectric displacement, 284 
Dielectric strength, 350 
Differentiation, 182 
Diffraction 
knife edge, 21 
plain surface, 21 
rough surface, 21 
Diode, 163 
Diode power requirements for switch- 
ing power supplies, 152 
Diode transistor logic, 190 
Dipole antenna, 33 
Direct-coupled transistor logic, 190 
Discomfort index, 358 
Displacement, electric flux density, 
374 
Dissipation factor, 350 
Doppler frequency, 50 
Doppler navigation, 11 
Doppler to speed conversion, 49 
Doubler, voltage, 151 
Dry bulb thermometer, 355-358 
DTL, 190 
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E 
ECL, 180 
EIA Designations, 324-325 
ЕЈА Standard Tone Frequencies, 12 
Effective impedance, 39 
Effectiveness, antenna, 37 
ЕНЕ, 4-5 
EIR nomogram, 101 
Elastance, 374 
Electric current, effect on the hurnan 
body, 318 
Electric dipole moment, 285, 374 
Electric field density, 285, 374 
Electric flux, 374 
Electric potential, 285 
Electric waves, 4 
Electrical charge, 374 
Electrical equipment power consump- 
tion, 381 
Electromagnetic spectrum, 4 
Electromagnetic units, 284, 285 
Electromagnetic waves, propagation 
characteristic, 20 
Electron volts, 304 
Electronic symbols, 370 
Electronics and telecommunicatian, 
372-374 
Electrostatic series, 345 
Elements, metallic, 386 
Elevation, 30-31 
Elevation error, 30-31 
ELF, 4 
Ellipse, 244 
Ellipsoid, 247 
Elliptical attenuation response, 117 
Emission classification, 66-67 
Emitter-coupled logic, 190 
Encoders, 227 
End fire array, 35 
Energy, 285, 286 
conversion, 302 
conversion factors, 381 
work, 374 
Energy storage capacitor 88-89 
Epoxies, 349 
Equal loudness curves, 318 
Equilataral hyperbola, 244 
Equivalent resistance, 81 
European semiconductor numbering 
system, 189 
European tube numbering system, 
215 
Eutectic temperature, 387 
Exponential curve, 245 
Eye, 326 
Eye hazard, laser, 303 
Eye spectrosensitivity, 326 


F 
Factorials, 241 
Fahrenheit, 351-354 
Failura rate, 223 


Feedback, cathode, 213 
Него, 233 
Field density, 54 
Field intensity, 54 
receiving antenna, 25 
Field power conversion, 54 
Field strength, 54 
Fields and circuits, 272-275 
Fields/second, 23 
Figure of merit, 114 
Filter 
comb, 146, 147 
design, 117-143 
high pass, 117 
low pass, 117 
twin-T, 75-77 
Final velocity, 286 
Fire control frequencies, 11 
First class radio telegraph license, 
64-64 
First class radio telephone license, 
63-64 
555 code, 61 
Floating load circuit, 185 
Fluorescent display, vacuum, 191 
Fluoracarbons, 276, 347 
Flux density, 285 
FM radio frequencies, 5 
Folded dipole antenna 33 
Foot-candles, 306-307, 309-310 
Foot-lamberts, 310 
Force, 285, 286, 374 
Foreign equipment terminal and con- 
trol markings, 377 
Foreign voltage guide, 395 
Forward power, transmission line, 47 
Fourier content, 261 
Four-leaved roses, 245 
Frames, 23 
Free fall, 383 
Free space, cutoff, waveguide, 46 
Free space frequency, 46 
Free space transmission, 24 
Free space wavelength, 46 
Frequencies 
aeronautical mobile bands, 8-9 
broadcasting, 5, 10 
citizen's radio, 10 
remate control, 32 
ship station, 10 
shore station, 10 
ТУ channels, 6-8 
Frequency bands, 5 
microwave, 11 
Frequency bridge, 158 
Frequency characteristics 
capacitors, 100 
inductors, 100 
resistors, 100 
RL and C, 100 
Frequency divider, 185 
Frequency modulation, 66, 67 


Frequency nomograph, 258 

Frequency-period conversion, 256 

Frequency selective networks, 110- 
113 

Frequency-wavelangth conversion, 
17 

Full load current, motors, 377 

Full wave, 261 

Full wave volage doubler, 151 

Full wave voltage quadrupler, 151 

Functions of angles, 250 

Fusing current, 364 


G 
Galvanic series, 346 
Gamma of picture signal, 23 
Gamma rays, 4 
Gas discharge, 191 
Gases, 392 
Gate definitions, 197 
General license, 62 
Geoalerts, 16 
Geometric curves, 244-245 
Geometrical horizons, 28 
Giga, 233 
Gold, 305 
Graphic symbols, 370 
Greek alphabet, 257 
Ground to ground communication, 21 
modes, 21 
Grounded cathode circuit, 172 
Grounded grid circuit, 172 


H 
H parameter, 175, 177 
H type attenuator, 72-74 
Half life, 305 
Half wave, 261 
Half wave voltage quadrupler, 151 
Hardware, 400 
Harmonic distortion, 234 
Harmonic rejection, 234 
Harmonics, 234 
Hay bridge, 158 
Haat, 270-271 
Heat-sink lhermal resistance, 395 
Несіо, 233 
Hectometric waves, 5 
Height, 285 
Helical antenna, 33 
HF, 4-5 
propagalion, 20 
High altitude chart, 337 
High frequency current, 98 
High frequency inductance, 85 
High frequency inductance wire, 85 
High-pass active filter, second order, 
186 
High-pass network RC, 110 
Holes, equally spaced, 399 
Horn antenna, 33 


Human ear, 186 

Human eye spectrosensitivity, 326 
Humidity, relative, 356-357 
Hyperbola, 244 

Hypocycloid, 245 


| 
IC logic families, 190 
IER nomogram, 101 
luminance, 308 
Hlumination units, 309 
Impedance 
parallel connected AL and C, 89 
series connected HL and C, 98 
two-wire lines, 38 
impedance match power loss, 157 
Impedance mismatch power loss, 157 
Impedance ralio, transformer, 88-89 
Impadance transformer, 86 
Incandescent display, 191 
Incandescent lamps, 314 
Indicators, radar, 30-31 
Indiurn, 305 
Inductance, 285 
Inductance bridge, 158 
Inductive capacity, 285 
Inductive reactance, 94-97 
Inductor values, preferred, 79 
Inductors, frequency characteristics, 
100 
Infrared, 4 
Infrasonics, 4 
Initial velocity, 286 
Insulating materials, temperature 
classification, 362 
Input VSWR, 48 
Integrated circuit logic families, 190 
Integrated circuit definitions, 192 
Integrated circuit properties, 171 
Integrated voltage regulator, 162-163 
Integration, 182 
Interlace, 23 
International Morse code, 59 
International phonetic alphabet, 65 
International television standards, 22 
international lime map, 336 
Interplanetary transmission time, 65 
сате, 305 
Iron, 305 
Isotope, 32-35, 245 
IVAR, 162-163 


JEDEC, 331 
Jupiter, 65 


K 
Kelvin, 353-354 
Kilo, 233 
Kilomeltric waves Б 
KVAR, 90, 92 
KVAR-capacity, 82 


L 


L type attenuator, 72-74 
Lambert, 311 
Lamp lifa, 319 
LASCH, 154-155 
Laser, 4, 303 
beam width, 303 
eye hazard, 303 
output energy, 303 
radiation, 304 
Latice type attenuator, 72-74 
LED, 304 
Lernniscate, 244 
Length, 374 
Letter code, microwava 
frequencies, 11 
Letter symbols, 166-170, 267-277, 
278-283 
LF, 4-5 
LF propagation, 20 
License requirements 
amateur operator, 62 
commercial operator, 63-64 
Light, 271, 272 
Light activated SCR, 165 
Light emitting dioda, 190 
Light sources, 245, 304 
Light waves, 4 
Lightning activity, 341 
Limacon, 244 
Line of sight, 21 
Line-of-sight transmission rangs, 28 
Linear charge density, 374 
Lines/frame, 23 
Lines /second, 23 
Liquid crystal, 191 
Liquids, 392 
Liquids, densities of, 386 
Lissajous figures, 252-253 
Load VSWAH, 48 
Logarithm, factorials, 241 
Logarithmic curves, 245 
Logarithmic transconductor circuit, 
185 
Logic definitions, 197 
Logic devices, 372 
Loudness level, 316 
Loudspeaker crossover networks, 116 
Low-end amplifier response, 107 
Low-pass active filter, second order, 
183 
Low-pass natwork, AG, 110 
Lumen, 311 
Lumens /square centimeter, 311 
Lumens/square foot, 311 
Lumens/square meter, 311 
Luminance spectrum, 313 
Lux, d11 


M 
m-derived network, 118 
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Machines, 277 
Magnetic charge, 374 
Magnetic dipole moment, 285, 374 
Magnetic field intensity, 284, 374 
Magnetic field strength, 334 
Magnetic flux, 285, 374 
Magnetic flux density, 374 
Magnetic force, 374. 
Magnetic Induction, 374 
Magnetization, 374 
Magnetomotive force, 285, 374 
Mars, 65 
Mass, 286 
Matching pad, minimum loss, 78 
Mathernatical operations, 240 
Mathematical signs and symbols, 239 
Maxwell bridge, 158 
Mean time between failures, 222-225 
Mechanics, 269-270 
Mega, 233 
Memories, semiconductor, 217 
Metal oxide semiconductor logic, 190 
Metallic elaments, 386 
Metric prefixes, 233 
Metric weves, 5 
MF, 4-5 
MF propagation, 20 
Micro { ш), 233 
Microelectronics terms definitions, 
192-205 
Microphone output, 68-69 
Microwave antenna, 36 
Microwave circuits, 373 
Microwave frequency band, 11 
Military designations, 324-325 
Military nomenclature, 332-333 
Milli, 233 
Millimetric waves, 5 
Minimum attenuation, slotied line, 45 
Minimum loss, matching pad, 78 
Mnemonic code, 56-58 
Modulator-demodulator, 185 
Molecular weight, 337 
Moon, 65 
Monostable multivibrator, 180-181 
Morse code, 59 
MOSL, 190 
Motor characteristics, 378 
Motors, full load current, 377 
MTBF, 222-224, 226 
Multipliers, voltage, 151 
Multivibrator 
astable, 180-181 
monostable, 180-181 
symmetrical, 180-181 
Multivibrator design, 180-181 
Myriometric waves, 5 


N 
Nano, 233 
National Bureau of Standards, 14-16 
Natural rubber insulation, 361 
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Navigation antenna, 36 

Negative feedback, 210 

Neon lamp, 304 

Neoprene insulation, 361 

Network, pulse forming, 148 

Moble metal, 346 

Noise figure, 27, 218 
receiver, 27 


Noise power/signal power separation, 


53 
Noise-signal separation, 53 
Noise voltage, thermei, 80-82 
Notch filter, 186 
Novice license, 62 
npn transistor, 162-183 
Nylons, 347 


0 

O type atlenuator, 72-74 
Ohm's law, 101 

nomogram, 101 
Operational amplifier, 182-187 

terms, 187 
Optical horizon, 28 
Optics, 4 
Optimum reverberation time, 317 
Optoelectronic devices, 371 
Oscillator 

crystal, 186 

Wien bridge, 186 
Overvoltage clamp circuit, 185 
Owen bridge, 158 


P 
PAM, 67 
Parabolic antenna, 33 
Paraboloid, 247 
Parallel circuit, 99 
Parasitic array, 34 
Parylenes, 348 
Passive LC filter design, 117-143 
PCM, 67 
PDM, 67 
Peak follower circuit, 184 
Period- frequency conversion, 256 
Permeability, 285, 374 
Fermeance, 374 
PFM, 67 
Phase angle, 258 
Phase modulation, 66, 67 
Phase shift, 105 
HC network, 105 
Phenolics, 349 
Phonetic alphabet, 65 
international, 65 
Phosphor characteristics, CRT, 331 
Photometry, 306-307 
Photon energy, 304 
Photoreceptors, 304 
Photot ansistor, 164-165 
Physical constants, 389 
Physical units conversion, 374 


Fi type atenuator, 72-74 
Pico, 233 
Plastics, 347-350 
PM, 67 
pnp transistor, 164-165 
Polar-reclangular conversion, 242- 
243 
Розу separator circuit, 184 
Polarization, 374 
Polarization, antenna, 32-34 
Polyallomers, 348 
Polyamide-imides, 348 
Polycarbonates, 348 
Folyesters, 348, 349 
Falyethylenes, 348 
Polyimedes, 348 
Polyphenylene oxides, 348 
Polypropylenes, 348 
Polystyrenes, 348 
Polysulfones, 347 
Potential, 374. 
Power, 374 
rotation, 376 
units, 285 
Power consumption of electrical 
equipment, 381 
Power density, 53 
Power engineering, 277 
Power factor, 91, 350 
HC network, 91 
HL network, 91 
Fower factor correction, 90 
Power loss, impedance mismatch, 
157 
Power supply regulation, 156 
Power supply switching, 152 
Powers of numbers, 235 
Powers of two, 238 
PPI, 30-31 
PPM, 67 
PPM/°C, 339 
Predistortion, 255 
Pre-emphasis, 23 
Pressure, 337-339 
PAF, 91 
Printed wiring boards, 388 
Printers, 367 
Probability curve, 245 
Probability of success, 225 
Programmable unijunction transistor, 
164-165 
Propagation, 20 
Propagation characteristic, electro- 
magnetic waves, 20 
Propagation forecast, WWV, 14-16 
Propagation velocity, 41 
PTM, 67 
Pulse-amplitude modulation, 67 
Pulse-code modulation, 67 
Pulse definitions, 255 
Pulse-duration modulation, 67 
Pulse-forming network, 148 


Pulse-frequency modulation, 67 
Pulse interval, 30-31 

Pulse modulation, 65-67 

Pulse parameters, 254 
Pulse-position modulation, 57 
Pulse repetition frequency, 254 
Pulse risetime, 254 
Pulse-shape modulation, 57 
Puise-time modulation, 87 
Pulse width, 148 

Push-pull amplifier, 211 

PUT, 164-165 

PVC, 381 

Pyramid, 246 


Q, 114-115 

Q signal, 55-58 
Quadrupler, voltage, 156 
Quartz crystals, 327-330 


R 
Racan, 11 
Hadar 
antenna, 36 
frequencies, 11 
indicators, 30-31 
power, 29 
power-energy, 29 
Radiation, 305 
and height, 271-272 
spectrum, 4 
Radioactivity decay curve, 326 
Radio astronomy, 36 
Radio operator license, 62-64 
Radio telephone code, 59 
Radio waves, 4 
Radiometry, 36 
Range, on radar indicators, 30-31 
Rankine, 353 
RC coupled amplifier, 111 
A-C coupling, 105 
A-C filters, 75-77 
H-C high-pass network, 110-111 
H-C low-pass network, 110-111 
H-C time constant, 108-109 
HCTL, 190 
Heactance 
capacitive, 94-97 
inductive, 94-97 
погподгагт, 94-97 
Reaumur, 353 
Receiver bandwidth sensitivity-noise 
figure, 27 
Receiving tubes, European, 215 
Rectangular polar conversion, 242- 
243 
Rectangular wave, 260 
Rectified sine wave, 260 
Rectifier, 162-165 
Rectifier diode symbols, 166-167 
Redundancy, 225 


Reflected power, transmission line, 47 
Reflection coefficient, slotted line, 44 
Regulation, power supply, 156 
REI nomogram, 101 
Relative humidity, 355-357 
Helay contact code, 383 
Reliability, 222-224 
Reluctivity, 374 
Remote control frequencies, 12 
Repetition rate, 29 
Resistance, 350, 374 

units, 285 
Hesistance bridge, 158 
Hesistance-capacitance coupling, 

105 
Resistive attenuators, 72-74 
Resistivity, 350, 374 
Resistor capacitor transistor logic, 190 
Hesistor-coupled transistor logic, 190 
Resistor frequency characteristic, 100 
Resistor values, preferred, 79 
Hesistors, color code, 321 
Resistors, effective resistance of, 158 
Resolution, human eye, 308 
Resonance bridge, 158 
Resonant frequency, capacitors, 93 
Restricted radio telephone permit, 
63-64 

Reverberation, 317 
RF band, 23 
RF penetration, 98 
RG cable, 40-41 
Rhombic antenna, 33 
Risetime, 148, 255 

cascaded amplifier, 208-208 
Roman numerals, 257 
AST code, 50 
ATL, 190 
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sample and hold circuit, 184 

Satellite antenna, 36 

cawlooth wave, 250-251 

SBS, 164-165 

Scaling, 182 

Schmitt trigger, 186 

SCR, 164-185 

OCS, 164-165 

second class radio telephone license, 
63-64 

Second-order high-pass active filter, 
186 

osecond-order low-pass active filter, 
186 

second-order transfer function am- 
plifier, 186 

self-resonent frequency, capacitors, 
93 

semiconductor devices, color code, 
322-323 

Semiconductor memories, 217 


Semiconductor numbering system, 
European, 189 
semiconductor symbols, 166 
Semicubical parabola, 244 
sensing Technologies, solid-state, 
216 
Series circuit, 99 
shall angle, 227 
Shering bridge, 158 
SHF, 4-5 
propagation, 20 
Shielded pair transmission line, 38 
Ship and shore station frequencies, 10 
ship station frequencies, 10 
Shock, 318, 383 
Shorting stubs, 42 
Signal Analysis Center, 117 
signal delay, coaxial cable, 150 
Signal diode symbols, 166 
Signal level, additions, 52 
Signal level, in phase, 52 
Signal power/noise power separation 
nomogram, 53 
Signal reporting codes, 60-62 
Signal strength потодгат, 25 
oigns, mathematical, 239 
Silicon bilateral switch, 164-165 
Silicon controlled rectifier, 164-165 
Silicon controlled switch, 164-165 
Silicon unilateral switch, 164-165 
Silicones, 350 
Sine wave, 260 
single-layer coil design, 83, 84 
SINPFEMO code,61 
SINFO code, 81 
Skin resistance, 98 
SLF, 4 
Slotted iine 
minimum aflenuation, 44-45 
nomogram, 44 
reflection coefficient, 44 
width of minimum attenuation, 45 
VSWR, 44 
solder, 387 
Solids, 246, 386, 392 
sonics, 4 
Sound 
intensity, 314-315 
intensity level, 314-315 
modulation, 23 
pressure, 314-315 
velocity of, 392 
Space and time, 268-269 
Spark-gap breakdown, 356 
Speaker crossover network, 116 
Speaker line length, 365 
Spectral sensitivity 
human eye, 426 
photoreceptors, 326, 
Spectrum, electromagnetic, 4 
Speech recognition, 218 
Speed, 3/6 
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Sphere, 247 
Square wave, 106, 260-261 
multivibrator, 186 
Squares, 236 
Standard frequency broadcast, 14-16 
schedule, 14-16 
Standard time broadcast schedule, 
14-16 
Sterea pickup leads, color code, 322, 
323 
Subtraction circuit, 182 
Summing amplifier, 182 
Surface charge density, 374 
зштасе current density, 374 
SUS, 164, 165 
Swiiches, 373 
Symbols, mathematical, 239 
Symmetrical muttivibrator, 180-181 
System MTBF, 222 


T 

T-equivalent circuit, 177, 179 

T parameter, 176-177 

T-type attenualors, 72-74 

Target tracking frequencies, 11 

Technician license, 62 

Teflon insulation, 381 

Telecommunication, 275-277 

Television frequencies, 5, 6-8 

Television standards, international, 22 

Temperature, color scale, 359 

Temperature conversion, 253-254, 
338 

Temperature-humidity index, 358 

Ten code, 59 

Tera, 233 

Terminal marking, foreign equipment, 
375 

Thermal noise voltage, 80-82 

Thermai resistance chart, 402 

Thermoplastics, 347-348 

Thermosetting plastics, 349-350 

THI, 358 

Third class radio telegraph permit, 83, 
64 

Third class radio telephone permit, 
63,54 

Three-leaved roses, 245 

Threshold of audibility, 316 

Thunderstorm activity, 341 

Thyractor, 162, 163 

Time, 268-259, 286 

Time constant, 108-109 

R-C, 108-109 

Time delay, 257 

Time map, international, 336 

Time signal, 14-16 

Torque, 376 

Torus, 247 

Tracking frequencies, 11 

Trailing edge, 255 

Transformer, 88-89 
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color code, 320-321 
impedance, 86 
nomogram, 86-87 
turns ratio, 88-88 
Transistor arnplifier, 206-207 
Transistor circuit 
available power gain, 177 
current gain, 177 
input impedance, 177, 179 
insarlion power gain, 177 
operating power gain, 177 
output impedance, 177, 179 
power gain, 177 
power requirements for switching 
power supplies, 152 
voltage gain, 177 
Transistor symbols, 167-170 
Transistor-transistor logic, 190 
Transmission line, 38 
attenuation, 40, 41 
characteristics, 38 
electrical degrees, 43 
electrical length, 43 
Transmission loss, 26 
Transmission output/receiver input, 
26 
Transmission path, 373 
Transmission travel time, 65 
Travel time-transmission, 65 
Traveling wave tube, wired leads, 
320-321 
Triac, 164-165 
Triangles, 249 
Trianguiar wave, 260-261 
Triboelectric series, 345 
Trigonometric functions, 251 
Tripler, voltage, 151 
TTL, 190 
Tuned circuit, 110 
bandwidth, 110, 114-115 
Tungsten lamp, 305 
Tunnel diode, 162-163, 170 
Turns ratio, 88-89 
Turnstile antenna, 33 
Twin-T filter, 75-77 
Two-wire line, 38, 39 
TWT wired leads, 320 
Types of radar indicators, 30-31 


U 


U type attenuator, 72-74 
UHF, 4 
hali-wave shoring stub, 42 
propagation, 20 
shoding stub, 42 
television frequencies, 5 
UJT, 154-165 
ULF, 4 
Ultrasonics, 4 
Unijunctian transistor, 164-165 
Unity follower circuit, 184. 


U.S. standard atmosphere properties, 
337-338 


М 

Vacuum fluorescent display, 191 
Vacuum tube amplifier, 206-207 
Velocily of propagation, 40, 41 
Venus, 85 
Vertical full-wave loop antenna, 33 
VHF, 4-5 

propagation, 20 

television frequencies, 5 
Vibration, 385 
Video band, 23 
Vinyls, 348 
Visua! polarity, 23 
VLF, 4-5 

propagation, 20 
Voice farnily tree, electronic, 218 
Voltage comparator circuit, 184-185 
Voltage divider 

capacitive, 102-103 

resistive, 102-103 

resistive-capacitive, 104 
Voltage doubler, 131 
Voltage drop nomogram, 363 
Voltage follower with gain, 183-185 
Voltage guide, foreign, 396 
Voltage multiplication, 182 
Voltage multiplier, 151 
Voltage quadrupler, 151 
Voltage source, 183-185 
Voltage tripler, 151 
Yolume charge density, 374 
Volume current density, 374 
VSWA, 37, 47 

reduction, atlenuation, 48 

slotted line, 44 


W 
Watt, 310 
Waveforms, 260 
Waveguide, 46 
сон, 46 
free space wavelength, 46 
wavelength, 46 
Wavelength bands, 5 
Wavelength-frequency conversion, 17 
Waxed cotton insulation, 361 
Weight, 286 
Wet bulb thermometer, 355-357 
Wheatstone bridge, 158 
Width of minimum, 44, 45 
Wien bridge, 111, 158 
Wien bridge oscillator, 186 
Wind designations, 341 
Wind map, 343 
Windchill chart, 342 
Wire fusing, 364 
Wire inductance at high frequencies, 
85 


Wire insulation, 361 

Wire tables, 360 

Wires, fusing currant, 364 
Wiring ampacities, 364 
Wiring boards, 388 

Witch of Agnesi, 245 
Work, 374 


WW, 11 
WWVB, 14-16 
WWVH, 11 
WWYL, 14-16 


X 
X-ray waves, 4 


Y 


Y-parameter equivalent, 178, 179 
circuit, 175, 17B 


1 


2 parameter, 178 
Zener diode, 162, 163 
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